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Executive summary  

This deliverable (D2) presents the second-phase Climate Risk Assessment (CRA) for the Region of 

Murcia (REGMURCIA), developed under the Financial Support to Third Parties (FSTP) cascade-grant 

mechanism of the Horizon Europe CLIMAAX project. The first-phase deliverable (D1, submitted in 

September 2025) applied the standard CLIMAAX Toolbox to three hazards selected for the region – 

river and coastal floods, agricultural/relative drought, and heatwaves – using harmonised, pan-

European datasets such as the Joint Research Centre (JRC) flood hazard maps, the LUISA land-use 

projections, the Global Tide and Surge Model (GTSM), and global digital elevation models. This 

second phase tests and refines those Phase 1 results against finer-resolution regional and national 

data, and against the direct experience of regional and local stakeholders, with the explicit aim of 

identifying where, and why, results obtained with coarse European datasets diverge from those 

obtained with higher-resolution local sources. Because river flooding and coastal flooding are 

deepened in this phase through two separate hazard and damage models (Section 2.3.2), this 

deliverable treats them from Section 2.2 onward as two distinct hazards within REGMURCIA’s 

portfolio – four in total, alongside agricultural drought and heatwave – rather than as the single 

combined hazard referenced above for continuity with Phase 1’s original framing. 

When considering river and coastal flood risk, this Phase 2 analysis applies the open-source 

DamageScanner library with Huizinga et al. (2017) depth-damage curves — an independent, peer-

reviewed alternative to the generic JRC default damage curves used natively by the CLIMAAX 

Toolbox in Phase 1 — to four combinations of flood-hazard source (JRC versus the Spanish Centro 

Nacional de Información Geográfica, CNIG) and land-use source (LUISA versus the Spanish Sistema 

de Información de Ocupación del Suelo de España, SIOSE), all clipped to the administrative boundary 

of the Region of Murcia and homogenised to a common 50 m resolution. The resulting river-flood 

damage estimates – ranging, depending on the combination, from approximately €620 million to 

€1,690 million at the 10-year return period and from approximately €1,475 million to over €10,380 

million at the 500-year return period – are, for the combination most directly comparable to Phase 

1 (JRC hazard maps with LUISA land-use), substantially lower than Phase 1’s region-wide estimate 

(€7,614 million at RP10 to €11,100 million at RP500). Section 2.3 of this deliverable examines this 

divergence in detail; the most plausible contributing factors identified include the differing treatment 

of depth-damage curves, differences in spatial domain and resolution handling, and the choice of 

hazard-source dataset itself, which this analysis’s own internal comparison identifies as a far 

stronger driver of total damage than the choice of land-use dataset. Notably, Phase 1’s region-wide 

figures sit closer in magnitude to this analysis’s national-hazard-source (CNIG) combinations than 

to its nominally equivalent European-hazard-source (JRC) combination – a finding that calls for 

cautious interpretation rather than a definitive reconciliation, since several methodological 

differences between them remain unresolved. 

Coastal flooding is addressed through a separate high-resolution sea-level-rise and damage model 

developed with the Universidad de Murcia (Section 2.3.2). Unlike D1, which did not provide a directly 

comparable coastal euro-damage baseline, D2 generates municipality-level estimates using a 5 m 

digital elevation model, hydraulic-connectivity modelling, a continuous sea-level-rise sweep from 0 

to 100 cm, and a damage function validated against local evidence from the September 2019 Los 

Alcázares flood. The new analysis identifies municipality-specific critical heights at which flooded 

area increases abruptly, including approximately 37 cm and 65 cm of sea-level rise for San Pedro 

del Pinatar. It also shows that Cartagena and San Javier are the two municipalities with the largest 
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projected coastal losses, each approaching €450 million at the upper end of the sea-level-rise range. 

Coastal flooding is therefore spatially concentrated, but strategically important, especially for 

coastal planning, tourism, the Mar Menor, exposed developable land and long-term land-use 

decisions. 

Agricultural/relative drought also receives a major methodological update in this phase (Section 

2.3.1). In contrast to Phase 1, where the use of global crop-exposure and generic vulnerability 

datasets produced important inconsistencies for the Region of Murcia, D2 updates the drought 

workflow using higher-resolution regional evidence on real agricultural production, official crop 

surfaces, crop types and rainfed agricultural land in the CARM. The revised workflow incorporates 

FAO-56 dual crop-coefficient and yield-response parameters for seven rainfed crops — barley, oats, 

wheat, olive, almond, wine grapes and pistachios — together with ESAM-sourced production and 

price records and a SIGPAC/CREM spatial exposure layer for rainfed agriculture. This updated 

evidence base covers more than 500,000 SIGPAC parcels and approximately 316,985 ha of rainfed 

agricultural land, including around 139,593 ha of arable land, 86,929 ha of tree nuts, 18,885 ha of 

olive groves and 15,730 ha of vineyards. It also uses crop-specific production and value data, 

including indicative exposure values of approximately €123.38 million for almond, €52.82 million for 

olive, €44.73 million for wine grapes, €7.50 million for barley, €4.42 million for oats, €3.40 million for 

wheat and €2.44 million for pistachios. These inputs allow D2 to provide more coherent expected-

loss estimates for rainfed agriculture than those obtained in Phase 1, especially for crops and 

systems that are highly relevant in the regional context. Agricultural drought is therefore not treated 

only as an exposure-data improvement, but as a substantially updated workflow that strengthens 

the reliability of the CRA for agricultural and territorial adaptation planning. 

The heatwave workflow is carried forward from Phase 1 without a comparable quantitative re-run in 

D2 (Section 2.3.3). This does not mean that heatwave risk is considered less relevant, nor simply 

that no data exist. Rather, the Phase 1 heatwave workflow did not reveal the same level of internal 

inconsistency or methodological divergence identified for the flood and drought workflows, where 

the comparison between European-scale and regional/national evidence produced major 

differences. Heatwaves remain a very high priority risk for the Region of Murcia, based on the Phase 

1 evidence on increasing heatwave frequency, population exposure and vulnerable age groups. D1 

projected heatwave frequency to rise from approximately 3 events per year at baseline to more than 

50 events per year by late century under RCP8.5, with interior counties seeing an approximately 

tenfold increase and southern coastal counties an approximately eightfold increase. D1 also cited 

recent evidence of severe heat impacts, including 22 heat-related deaths in Murcia in summer 2025. 

Phase 2 complements this technical baseline with stakeholder evidence, which confirms that 

heatwaves are perceived as a social, health, labour, urban and public-facility risk affecting care 

homes, schools, outdoor workers, tourism, agriculture and urban liveability. 

Stakeholder engagement was a major component of Phase 2 (Sections 2.1.5 and 2.4.7). The 

process included a Delphi-informed review of the consultation instruments, a quantitative 

stakeholder survey with 67 response records, and semi-structured interviews with nine regional and 

local stakeholders spanning agricultural research (IMIDA), social-services infrastructure (DG IMAS), 

agri-food policy and agricultural insurance (DG Industria Alimentaria y Asociacionismo Agrario), 

territorial planning (Dirección General de Ordenación del Territorio y Arquitectura), the agricultural 

cooperative sector (FECOAM), regional meteorology (AMETSE), municipal climate action (Agencia 

Local de la Energía y Cambio Climático, Ayuntamiento de Murcia), tourism (ITREM), and 
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environmental advocacy (Ecologistas en Acción Región de Murcia). Eight of these interviews were 

incorporated into the present analysis; the last closed shortly before submission and will be 

addressed in a subsequent update. 

The survey confirms very high recognition of climate change among regional stakeholders: 63 of the 

67 response records, equivalent to 94%, state that climate change is a reality. It also shows strong 

support for adaptation measures across all hazard families, with average scores above 4.4 on a 1–

5 scale for river/pluvial flooding, coastal flooding and sea-level rise, heatwaves, and drought/water 

scarcity. Heatwaves obtain the highest overall adaptation-priority score, closely followed by 

river/pluvial flooding and drought/water scarcity. At the same time, the survey identifies a clear 

implementation gap: only 12 response records indicate the existence of a specific budget for climate 

adaptation, while 24 report no specific budget and 30 select “do not know / no answer”. Monitoring 

and evaluation of adaptation actions also remain weak, with mean frequency scores generally 

between 2.1 and 2.6 on a 1–5 scale. 

The interviews add sectoral and institutional depth to these findings. Floods and extreme heat were 

raised frequently, often anchored to the October 2024 Valencia DANA as a shared point of reference. 

Drought was framed as a structurally important risk for agriculture and dryland territorial viability. 

Institutional fragmentation, slow procurement and licensing procedures, insufficient funding, lack of 

technical staff and difficulties in translating diagnosis into executable measures recurred as cross-

cutting barriers to adaptation across the interviews. A consistent request across stakeholders was 

for CLIMAAX outputs to be operational and accessible to non-specialists — municipal technicians, 

elected officials and the public — rather than remaining purely technical products. 

The integrated Key Risk Assessment comparison combines three evidence streams: the Phase 1 

preliminary prioritisation, the refined Phase 2 workflow evidence and the stakeholder-based 

assessment (Sections 2.4.6–2.4.8). Agricultural droughts remain a very high priority risk, now 

supported by a more coherent regional loss assessment for rainfed agriculture. Heatwaves also 

remain very high priority, supported by the Phase 1 hazard evidence and strong stakeholder 

validation. River/pluvial flooding is the clearest upward revision, moving from high priority in Phase 

1 to very high priority in Phase 2 and in the stakeholder-based assessment. Coastal flooding and 

erosion remain less region-wide than drought, heatwaves and river/pluvial flooding, but the refined 

coastal modelling and stakeholder evidence support treating them as a high strategic priority for 

coastal municipalities, tourism, the Mar Menor and future planning. 

Overall, this phase confirms the continued relevance of the hazards prioritised in Phase 1 while 

showing that the quality and resolution of hazard, exposure and vulnerability data can substantially 

affect the interpretation of risk. For river flooding, the flood-hazard source is identified as a dominant 

driver of sensitivity in damage estimates. For agricultural drought, the use of real regional 

production, crop-surface and rainfed land-use data provides a more coherent basis for expected-

loss estimation. For coastal flooding, high-resolution local modelling reveals non-linear exposure 

thresholds that were not visible in the coarser Phase 1 approach. For heatwaves, the Phase 1 

assessment remains methodologically usable and is strongly reinforced by stakeholder evidence. 

The main cross-cutting conclusion is that the limiting factor is not low risk perception. Stakeholders 

perceive the main risks as substantial to critical and highly urgent. The main weakness lies in 

resilience and implementation capacity: institutional fragmentation, administrative slowness, 

insufficient funding, lack of technical staff, uneven data integration, weak monitoring and difficulties 
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in translating climate-risk evidence into executable measures. Phase 3 should therefore focus on 

sectoral technical working tables, agreement-building and the co-design of feasible adaptation 

pathways, linking each priority risk with responsible institutions, funding routes, monitoring 

indicators and practical implementation conditions. 
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1 Introduction  

1.1 Background 

The Region of Murcia is a Mediterranean region in the southeast of the Iberian Peninsula, covering 

approximately 11,300 km² and home to around 1.5 million inhabitants. Its economy relies heavily on 

agriculture, the agri-food industry, tourism, and increasingly on renewable energy and logistics, all 

of which are sensitive to climate-related impacts on water availability, coastal integrity, and 

infrastructure resilience. As one of the most arid regions in Europe, Murcia is characterised by a 

semi-arid Mediterranean climate with high interannual rainfall variability and recurrent drought, while 

flash floods and heatwaves represent the most acute hydrometeorological hazards affecting the 

population, agriculture, and critical infrastructure. A fuller socioeconomic and climatic 

characterisation of the region is provided in the Phase 1 deliverable (D1) and is not repeated here. 

1.2  Main objectives of the project 

Phase 2 of REGMURCIA CLIMAAX addresses the regionalised refinement of the Phase 1 risk 

assessment. Its main objectives are to: 

1. Deepen the risk assessment using locally and nationally sourced hazard and exposure data, 

complementing the European-scale datasets used in Phase 1. 

2. Compare the resulting damage estimates against the Phase 1 results and identify the 

methodological factors that explain the differences between them. 

3. Broaden stakeholder engagement beyond Phase 1 through a Delphi-informed review of the 

consultation instruments, a quantitative stakeholder survey and semi-structured interviews 

with regional and local actors, in order to validate hazard prioritisation, interpret severity, 

urgency and resilience capacity, and identify adaptation barriers, governance gaps and 

implementation needs. 

4. Identify remaining data and engagement gaps to be addressed in Phase 3. 

The CLIMAAX Handbook continues to provide the standardised methodology underpinning this 

phase, ensuring consistency with Phase 1 and comparability with other CLIMAAX regions. The 

incorporation of local and national data sources and models – the Centro Nacional de Información 

Geográfica (CNIG) flood hazard maps, the Sistema de Información de Ocupación del Suelo de 

España (SIOSE) land-use layers, and direct stakeholder testimony – allows Phase 1 results to be 

tested against finer-resolution, region-specific evidence, strengthening the credibility of the 

assessment for regional decision-makers while remaining traceable to the harmonised CLIMAAX 

framework. For the Region of Murcia, this matters in practice: sharper, locally grounded risk evidence 

gives municipalities and the regional government a firmer basis for prioritising flood-defence and 

irrigation-efficiency investments under instruments such as the Regional Land-Use Strategy (PORM) 

and ERDF- or LIFE-funded programmes. 

1.3 Project team 

The team implementing REGMURCIA CLIMAAX combines the regulatory authority of the CARM with 

the scientific and technical excellence of the University of Murcia (UMU). 

The CARM, through the Regional Secretary of Energy, Sustainability and Climate Action, assumes 

overall coordination, provides administrative data, and ensures the integration of results into the 
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ERMACC, its legal framework, and other territorial management plans. UMU is responsible for the 

full application of the CLIMAAX methodology, the refinement of the assessment using high-

resolution climate databases and GIS, advanced modeling of droughts, floods, and heatwaves, as 

well as the facilitation of technical meetings and the participatory process of the Key Risk 

Assessment. 

The UMU team is made up of experts in Geography and Earth Physics with more than 200 JCR-Q1 

publications and regularly collaborates with internationally renowned centers such as NCAR, ETH 

Zurich, and Yale University. It leverages proprietary tools (CLIMAX, SINQLAIR, COST, 4DROP) and a 

1,008-CPU, 1 PB HPC cluster, ensuring rapid calculations and scientific traceability. This partnership 

ensures a robust climate risk assessment aligned with European standards and backed by the 

institutional capacity necessary to update and transform it into concrete adaptation measures. 

1.4 Outline of the document’s structure 

This document is organised following the logic of the CLIMAAX framework and reflects the structure 

and outcomes of the Phase 2 work carried out for the Region of Murcia under the REGMURCIA 

CLIMAAX project. Chapter 1 introduces the context and scope of this phase: it outlines the regional 

background (Section 1.1), presents the objectives pursued during Phase 2 (Section 1.2), describes 

the project team (Section 1.3), and closes with this summary of the document's organisation 

(Section 1.4). 

Chapter 2 (Climate risk assessment – Phase 2) is the core of the deliverable. It follows the steps of 

the CLIMAAX CRA methodology and, for each step, states explicitly what is new in Phase 2 and what 

carries over from Phase 1 (D1) rather than repeating the Phase 1 account in full. It is divided into six 

subsections, each corresponding to a step of the CLIMAAX methodology: 

• Section 2.1 – Scoping summarises the Phase-1 scoping outcomes (the project's objectives, 

context, and stakeholder framework for the three hazards under assessment) and reports 

how scoping evolved in Phase 2, in particular the deepened stakeholder engagement through 

a new round of interviews and the explicit statement, for the first time, of the assessment's 

guiding principles. 

• Section 2.2 – Risk Exploration revisits the hazard screening and scenario choice first made 

in Phase 1. The screening itself — river flooding, coastal flooding, agricultural drought, and 

heatwaves — is unchanged from Phase 1. 

• Section 2.3 – Regionalized Risk Analysis presents the results of the three CLIMAAX 

workflows applied to the region — Workflow #1 (agricultural droughts), Workflow #2 (coastal 

and river floods), and Workflow #3 (heatwaves) — together with a fourth subsection (2.3.4) 

covering the additional analyses based on locally available models and data carried out in 

this phase: the flood hazard-source comparison, the coastal sea-level-rise damage model 

and the updated agricultural-drought workflow for rainfed agriculture. 

• Section 2.4 – Key Risk Assessment Findings synthesises the outcomes of the risk analysis 

for each hazard, following the CLIMAAX risk-assessment steps: mode of engagement, 

gathering of workflow outputs, assessment of severity and urgency, evaluation of resilience 

capacity, and the resulting risk prioritisation. 

• Section 2.5 – Monitoring and Evaluation sets out the framework proposed for tracking 

progress and evaluating the effectiveness of adaptation actions in subsequent phases. 
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• Section 2.6 – Work plan for Phase 3 outlines the next steps of the REGMURCIA CLIMAAX 

project, including validation and operational use of the updated drought results, refinement 

of heatwave adaptation evidence, and the participatory design of sector-specific adaptation 

measures through technical working tables. 

Chapter 3 (Conclusions Phase 2) summarises the main findings of this phase and their implications 

for adaptation planning in the Region of Murcia. 

Chapter 4 (Progress evaluation) reports on the milestones achieved during Phase 2 and on the key 

performance indicators defined in the project's Individual Follow-up Plan. 

Chapter 5 (Supporting documentation) lists the data sources used, the stakeholder interviews 

conducted, and the dedicated Phase 2 analyses underpinning this deliverable. 

Chapter 6 (References) lists all sources cited throughout the deliverable. 
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2 Climate risk assessment – phase 2  

This section presents REGMURCIA’s Phase 2 Climate Risk Assessment, following the steps of the 

CLIMAAX Framework. Where a step substantially repeats Phase 1, the corresponding subsection 

states explicitly what, if anything, has changed since the first scoping; the remaining subsections 

focus on the new analysis carried out in this phase. 

2.1 Scoping  

The scoping phase for REGMURCIA was first carried out during Phase 1 (Deliverable 1, D1, submitted 

September 2025) and defined the project’s objectives, context and stakeholder framework for all 

three hazards under assessment (agricultural drought, river and coastal floods, and heatwaves). 

That framework is not repeated in full here; the reader is referred to D1, Section 2.1, for the complete 

account. This section summarizes the Phase-1 scoping outcomes and reports how scoping evolved 

during Phase 2, in which stakeholder engagement was deepened through a Delphi-informed review, 

a quantitative stakeholder survey and a new round of semi-structured interviews and the 

assessment’s guiding principles are made explicit for the first time. 

2.1.1 Objectives 

● Objective and purpose. As established in Phase 1 (Section 2.1.1), REGMURCIA’s objective is 

to produce a policy-ready, multi-hazard diagnosis of climate risk for the Region of Murcia 

that feeds directly into regional and municipal planning instruments (the Regional Land-Use 

Strategy, PORM; municipal urban plans and building bylaws) and into investment 

programming (ERDF, LIFE, CAP eco-schemes, NextGenerationEU funds). This objective is 

unchanged in Phase 2. What changes is the evidentiary detail behind it: Phase 2 concentrates 

on the hazards for which higher-resolution regional, national or local evidence was available, 

especially agricultural drought, river flooding and coastal flooding. For agricultural drought, 

the workflow is updated using regional crop, production, surface and rainfed-exposure data 

to provide a more coherent estimate of expected losses for rainfed agriculture. For river and 

coastal flooding, Phase 2 brings in higher-resolution national and local hazard, exposure and 

damage evidence, including CNIG flood hazard maps, SIOSE land use and a dedicated 

coastal sea-level-rise model, set alongside the JRC/LUISA layers used in Phase 1. 

● Limitations, boundaries and challenges. Phase 1 identified three main limitations affecting 

the preliminary assessment: the spatial-resolution mismatch between harmonised European 

datasets and the finer territorial features of the Region of Murcia; the incomplete vulnerability 

and exposure evidence available for specific sectors, crops, population groups and assets; 

and the limited availability of downscaled or locally validated climate-risk inputs for some 

hazards. Phase 2 addresses these limitations selectively, according to the availability of 

suitable regional, national and local evidence. For river flooding, the main limitation 

addressed is the mismatch between the European JRC flood-hazard layer used in the 

CLIMAAX Toolbox and the higher-resolution Spanish national flood mapping available 

through CNIG/SNCZI. Phase 2 therefore compares JRC and CNIG hazard maps, together with 

LUISA and SIOSE exposure layers, in order to identify how the choice of hazard and exposure 

source affects flooded area and estimated economic damage. This does not eliminate all 

uncertainty, since the damage functions and spatial harmonisation still require further 

validation, but it directly responds to the resolution and hazard-source limitation identified in 
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D1. For coastal flooding, Phase 2 addresses the limitations of the coarse and discrete Phase 

1 coastal assessment by developing a separate high-resolution sea-level-rise and damage 

model. The new approach uses a 5 m digital elevation model, hydraulic-connectivity 

modelling, a continuous sea-level-rise sweep and municipality-level damage estimation. This 

improves the spatial and planning relevance of the assessment, although the absence of a 

directly comparable coastal euro-damage baseline in D1 still limits the possibility of a strict 

like-for-like comparison between phases. For agricultural drought, Phase 2 addresses one of 

the main weaknesses identified in Phase 1: the use of generic global crop-exposure and 

vulnerability inputs that were not sufficiently coherent with the agricultural reality of the 

Region of Murcia. The updated workflow uses regional production and price records, official 

crop-surface data, crop-specific parameters and spatially explicit rainfed agricultural land 

information. This allows D2 to provide a more coherent expected-loss assessment for 

rainfed agriculture. Remaining uncertainties are therefore no longer related to the absence 

of a revised drought-loss estimate, but to local calibration of crop-specific parameters, 

validation against observed drought-loss events, future updating of climate inputs, and 

possible extension to irrigated crops and indirect economic impacts. For heatwaves, Phase 

2 does not apply the same level of quantitative re-analysis. This decision should not be 

interpreted as a lower relevance of heat risk, but as a prioritisation choice within the Phase 

2 scope. The Phase 1 heatwave workflow did not show the same level of internal 

inconsistency or data-source divergence identified for the flood and drought workflows, and 

was therefore retained as the quantitative baseline. Phase 2 nevertheless strengthens the 

interpretation of heatwave risk through the stakeholder survey and interviews, especially 

regarding vulnerable groups, social and health services, public buildings, outdoor work, urban 

heat and institutional response capacity. The main remaining cross-cutting challenge is 

therefore not simply data availability, but the integration of refined risk evidence into 

operational decision-making. Phase 2 reduces several technical limitations identified in D1. 

The main practical challenge encountered during Phase 2 scoping was scheduling 

stakeholder interviews within the reporting window: of nine institutions contacted, all nine 

interviews had been completed by the time of writing, though the last of these closed too 

close to submission for its findings to be incorporated into the analysis in this deliverable 

(Section 2.1.5). 

2.1.2 Context 

● Historical handling of climate hazards. As described in Phase 1, climate-hazard 

management in the Region of Murcia has historically been reactive rather than anticipatory: 

civil-protection flood plans and post-event recovery funding, with risk mapping (e.g. 

INUNCAR) used mainly for emergency response rather than upstream land-use or building-

code decisions. Phase 1’s own account is more granular per hazard. Regional mean 

temperature has risen by more than 2°C since 1981, with more frequent tropical nights, 

prompting a four-level (green/yellow/orange/red) seasonal heat-alert system run jointly with 

the Ministry of Health (Espín-Sánchez, 2017; Ministerio de Sanidad, 2024). On drought, 

Murcia has invested since the 1980s in desalination and wastewater reuse, reaching over 

90% reuse of treated wastewater and roughly 90% of farmland under drip irrigation (Pérez 

Morales et al., 2014; Sala-Garrido et al., 2020), even as illegal groundwater extraction and 

unrepaired network losses persist (Simón and Oller, 2024). On floods, the 2007 Special Civil 

Protection Plan (INUNMUR) maps flood-prone areas and coordinates emergency response 
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(CARM and DGPC, 2007), yet nearly 800 critical points remain exposed to intense rainfall 

(CHS, 2023) and past planning decisions have allowed construction in flood-prone areas 

(Pérez‐Morales et al., 2018); the September 2019 DANA caused seven fatalities and over 

€1.3 billion in damages (Romero-Díaz and Pérez-Morales, 2021). Coastal flooding is a 

comparatively newer concern, with sea-level rise and intensified storms projected to erode 

several stretches of the Murcian coast (CARM, 2019). The eight stakeholder interviews 

analysed to date for Phase 2 corroborate the overall reactive-rather-than-anticipatory pattern 

rather than revising it. Public-sector interviewees describe planned retrofitting of vulnerable 

infrastructure as the exception: DG IMAS reports no systematic, proactive renewal of 

climate-control equipment in social-care facilities, and the Local Energy and Climate Change 

Agency (Ayto. Murcia) cites slow administrative procedures as a recurring obstacle to 

translating adaptation plans into completed works. AMETSE similarly characterises local 

emergency response as reactive, noting that municipal officials are not always familiar with 

the practical meaning of weather-alert levels. 

● Problem and wider system context. Phase 1 frames the problem as climate risk threatening 

four pillars of Murcia’s economy: irrigated agriculture, coastal tourism, the Cartagena 

petrochemical hub and regional freight logistics. These hazards already affect quality of life, 

productivity and ecosystems (Calvin et al., 2023; IPCC, 2022): chronic drought threatens 

irrigated agriculture, heatwaves raise summer mortality and reduce labour productivity, and 

floods damage infrastructure, housing and crops. The region’s vulnerability is compounded 

by structural trends identified in D1: soil erosion linked to advancing desertification removes 

up to 19 million tonnes of soil annually (Eekhout et al., 2021), and declining-rainfall 

projections point to further land abandonment (Andrade et al., 2021). Rapid, sometimes 

unregulated urbanisation has increased exposure: Murcia, Cartagena and Lorca show 

pronounced urban-heat-island effects (Gómez et al., 2023), and around 17% of homes in the 

region sit within flood-hazard zones (Cánovas-García and Vargas Molina, 2024). These 

vulnerabilities are shared with other Mediterranean regions and align Phase 2 with Spain’s 

National Climate Change Adaptation Plan (MITECO, 2020). The Phase-2 interviews supply 

ground-level evidence that sharpens this picture rather than altering it. On agriculture, the 

Directorate-General for Food Industry and Agrarian Associations reports measured, not 

perceived, shifts: the apricot harvest has moved from late July to early/mid-June, rain-fed 

cereal output in the noroeste is down 50–60%, and the ovine herd in the same comarca has 

fallen 40–50%, with hail, frost and torrential rain now affecting crops outside their traditional 

season. On tourism, ITREM reports no measurable demand contraction to date (rural lodging 

occupancy up roughly 40% in 2025 and international visitor spend up around 14% in Q1) but 

flags structural exposure in coastal urbanizations built without flood cartography, such as 

Bahía Bella and Vallesor in Mazarrón. These accounts confirm that the problem framed in 

D1 is materialising unevenly across sectors: already visible and quantifiable in agriculture, 

still latent but spatially concentrated in tourism. 

● Governance context. The governance inventory in Phase 1 remains current: the Regional 

Climate Change Adaptation Strategy (ERMACC, 2020, 15 action lines) is monitored by the 

Regional Observatory for Climate Change, a participatory body bringing together AEMET, the 

CHS basin authority, the Coastal Authority, businesses and civil society (AdapteCCa, 2025). 

Flood-risk governance rests on the 2007 Special Civil Protection Plan (INUNMUR), which 

maps flood-prone areas and coordinates emergency response with national civil protection 
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(CARM and DGPC, 2007). Phase-2 interviews add a practical, implementation-level layer to 

this inventory that was not directly evidenced in D1: DG IMAS cites a national Tribunal de 

Cuentas (Court of Auditors) finding that the Region of Murcia allocates negligible investment 

to the energy efficiency of public buildings, and several interviewees independently raised 

bureaucratic fragmentation and slow inter-administrative coordination as a constraint on 

turning ERMACC’s action lines into completed measures. This evidence does not change the 

governance framework identified in Phase 1 but qualifies its practical reach. 

● Relevant sectors. Phase 1’s four sectors (irrigated agriculture, coastal tourism, 

petrochemicals, freight logistics) are confirmed and disaggregated by the Phase-2 

interviews. Agriculture differentiates by sub-region: rain-fed cereal and extensive sheep 

farming in the noroeste (Caravaca, Moratalla) and dryland viticulture, almonds and olives on 

the altiplano (Yecla, Jumilla) face distinct exposure to drought and off-season frost/hail. 

Tourism is concentrated on the coast (La Manga, Mar Menor, Los Alcázares) for flood and 

erosion exposure, while diversifying inland toward gastronomic, wine and health tourism as 

a partial hedge. Two additional sectors emerge from the interviews that were not separately 

profiled in D1: social and health services, given IMAS facilities located in flood-prone zones 

(e.g. El Palmar, near the Guadalentín); and municipal energy management, given the 

exposure of public buildings and infrastructure to both heat and flood stress. Table 2-1 

summarises the economic weight and expected climate impact of the four sectors profiled 

in D1, together with the two additional sectors identified in this phase. 

Table 2-1 Economic weight and expected climate impact of the four sectors profiled in D1, together with the two additional 
sectors identified in Phase 2. 

Sector Current weight Principal climate 

stresses 

Expected impact 

Irrigated agriculture 

& agri-food 

4.6% of GVA; >11% 

employment (D1) 

Chronic drought; 

heatwaves 

Water-deficit yield loss, quality 

downgrades, higher cooling & 

fertigation costs 

Coastal & cultural 

tourism 

10.3% of GDP; 

highly seasonal 

(D1) 

Heatwaves; coastal 

flooding; beach erosion 

Thermal discomfort, loss of 

beach width, damage to 

second-home stock 

Petro-chemical & 

energy hub 

11.3% of GVA (oil 

refining, power) 

(D1) 

Coastal surge; heat 

stress 

Infrastructure downtime, 

safety hazards, supply-chain 

delays 

Freight transport & 

logistics 

12% of vehicle 

fleet are 

trucks/vans (D1) 

River floods; heatwaves Road closures, higher 

maintenance & fuel 

consumption 

Social and health 

services (new in 

Phase 2) 

Not quantified Heatwaves; river floods 

(facilities in flood-prone 

zones) 

Operational disruption to care 

facilities (e.g. IMAS sites near 

the Guadalentín); no 

systematic, proactive renewal 

of climate-control equipment 

(DG IMAS) 

Municipal energy 

management (new in 

Phase 2) 

Not quantified Heatwaves; river floods Exposure of public buildings 

and infrastructure to heat and 

flood stress; slow 
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Sector Current weight Principal climate 

stresses 

Expected impact 

administrative procedures 

delay retrofit (Ayto. Murcia) 

Note: weight figures for the first four sectors are reproduced from Phase 1 and were not re-estimated in Phase 2. The two sectors added in 

Phase 2 (social and health services; municipal energy management) were identified qualitatively through stakeholder interviews and have not 

been assigned a quantified economic weight in either phase. 

● Outside influences. Phase 1 identifies several external initiatives that shape and resource 

the regional response: the EU Mission on Adaptation, whose methodological benchmarks 

and forthcoming “regional resilience contracts” the project intends to adopt; LIFE-ADAPTATE 

and Interreg NEXT MED, which contribute transferable tools for urban drainage, drought 

management and stakeholder engagement; the Segura River Basin Management Plan 2022–

2027 (CHS, 2023), which the CRA is meant to inform; and the REPowerEU solar-irrigation 

programme. D1 treats this alignment as a source of complementary funding and best 

practice rather than a constraint, and Phase 2 has not identified evidence to revise that 

assessment; DG IMAS’s reference to the national Tribunal de Cuentas (see Governance 

context, above) qualifies how an existing initiative is implemented rather than adding a new 

one. Two further outside influences were raised repeatedly in the Phase-2 interviews. First, 

the October 2024 Valencia DANA was cited by several interviewees (notably AMETSE) as a 

regional reference point: while it raised public and political awareness of flash-flood risk 

along the wider Mediterranean coast, interviewees were cautious about its direct 

applicability to Murcia, judging the region’s hydrology and historical flood-control 

infrastructure (e.g. the 19th-century Paretón diversion works) to make an event of that exact 

scale unlikely, though not assessing residual risk as negligible. Second, the ongoing 

environmental crisis of the Mar Menor lagoon was repeatedly mentioned as a parallel 

process that has already produced a cross-disciplinary scientific advisory committee, cited 

by IMIDA as a working model that REGMURCIA’s own stakeholder structures could draw on. 

● Possible adaptation interventions. Phase 1 frames CLIMAAX-REGMURCIA’s own output, 

rather than a single measure, as the project’s main adaptation lever: framework strategies, 

technical guidelines and, where needed, proposals for regulatory amendments that feed 

directly into the Spatial Plan (PORM), municipal general plans and forthcoming climate-

resilience bylaws, supported by a financing landscape spanning ERDF, LIFE, CAP eco-

schemes, Next Generation EU and private green bonds. Interviewees proposed concrete, 

largely low-cost interventions that complement these strategic measures: restoring 

traditional irrigation channels (acequias) for passive urban cooling, reported by AMETSE to 

produce a localised 3–5°C effect; adapting school and working schedules to heat extremes; 

deploying denser, low-cost municipal weather-station networks; replacing climate-control 

equipment in public buildings on a planned rather than reactive basis (DG IMAS); 

strengthening and fully co-financing agricultural insurance and creating a dedicated dryland-

farming support line (DG Industria Alimentaria y Asociacionismo Agrario, which notes 

regional co-financing of roughly €7M against an estimated need of €15–16M); and 

broadening multi-stakeholder scientific advisory committees on the Mar Menor model 

(IMIDA). Several interviewees also asked that CLIMAAX outputs be translated into directly 

actionable tools for non-specialist audiences, such as a citizen-facing flood-risk lookup by 

cadastral reference (IMIDA) and dissemination tailored to municipal councillors rather than 
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technical staff alone (AMETSE). None of these interventions has yet been adopted; they are 

recorded here as candidate inputs for the participatory work planned in Phase 3 (Section 

2.6). 

2.1.3 Participation and risk ownership 

Stakeholder involvement process. Phase 2 stakeholder engagement builds on the two-tier model 

established in Phase 1 (D1, Section 2.1.3): a Tier 1 Risk-Ownership Committee of organisations with 

direct regulatory or operational responsibility for specific hazards, and a broader Tier 2 Consultation 

Panel engaged through the regional survey/Delphi process. For Phase 2, the project team selected 

nine organisations spanning both tiers for individual semi-structured interviews (approximately 30 

minutes each, conducted by the UMU project team, recorded with consent and anonymized for 

transcription), prioritising institutions able to speak to recent, ground-level evidence of climate 

impacts and adaptation practice. Table 2-2 below maps these institutions to their role in the risk-

ownership structure defined in Phase 1 and reports engagement status as of the date of this report. 

Table 2-2 Interviewed institutions, their role in the risk-ownership structure defined in D1, and Phase 2 engagement status. 

Institution Sector / role in risk ownership Phase 2 engagement 

status 

IMIDA (Instituto Murciano de 

Investigación y Desarrollo Agrario y 

Medioambiental) 

Agricultural research; Tier 1, all hazard 

workflows 

Completed – 16/06/2026 

DG IMAS (Instituto Murciano de 

Acción Social) 

Social services / vulnerable groups; 

new in Phase 2 

Completed – 18/06/2026 

DG Industria Alimentaria y 

Asociacionismo Agrario 

Agri-food policy; Tier 1, all hazard 

workflows 

Completed – 18/06/2026 

Agencia Local de la Energía y 

Cambio Climático (Ayuntamiento de 

Murcia) 

Municipal energy & climate action; new 

in Phase 2 

Completed – 18/06/2026 

AMETSE (Asociación Murciana de 

Estudios sobre el Tiempo, el Clima y 

el Cambio Climático) 

Meteorology / civil-society expert 

network; Tier 2 in D1 (Delphi), 

upgraded to interview in Phase 2 

Completed – 19/06/2026 

ITREM (Instituto de Turismo de la 

Región de Murcia) 

Tourism; Tier 1, cross-sector Completed – 19/06/2026 

DG Ordenación del Territorio y 

Arquitectura 

Spatial planning; Tier 1, exposure/land-

use 

Completed – 26/06/2026 

FECOAM (Federación de 

Cooperativas Agrarias de la Región 

de Murcia) 

Agricultural cooperatives; Tier 2 Completed – 26/06/2026 

Ecologistas en Acción Región de 

Murcia 

Environmental civil society; priority-

group representation 

Completed – shortly before 

submission 

 

Risk ownership. Risk ownership in the Region of Murcia remains distributed across the institutional 

layers identified in Phase 1: river-basin and coastal hazard identification and mapping sit with the 

Confederación Hidrográfica del Segura and national meteorological services; emergency response 

and mitigation planning sit with CARM’s Directorate-General for Civil Protection and municipal 

governments; land-use and building-code decisions that determine exposure sit with municipal 

planning departments and CARM’s Directorate-General for Spatial Planning and Architecture; and 
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sector-specific risk (agricultural, social-care, tourism) sits with the corresponding sectoral 

directorates-general. Phase 2 confirms this distribution and adds operational detail at facility and 

sector level, summarised below. 

● Who is responsible. Hazard identification and mapping: Confederación Hidrográfica del 

Segura (river hazard) and AEMET (meteorological hazard monitoring). Risk assessment and 

mitigation planning: CARM’s sectoral directorates-general (Civil Protection; Spatial Planning 

and Architecture; Industria Alimentaria y Asociacionismo Agrario; IMAS) and municipal 

governments, each within its statutory remit. Facility- and sector-level risk management: 

confirmed in the Phase 2 interviews to sit with the operating institution itself – for example 

DG IMAS for social-care facilities, and individual municipalities for local infrastructure – with 

limited cross-institutional coordination reported by several interviewees. 

● Priority groups and their representatives. The Phase 2 interviews identify three priority 

groups with named institutional representatives: elderly and dependent residents of IMAS-

operated social-care facilities located in flood-prone zones (represented by DG IMAS); 

smallholder rain-fed farmers and extensive livestock herders in the Noroeste and Altiplano 

comarcas, facing measured production declines (represented by DG Industria Alimentaria y 

Asociacionismo Agrario and FECOAM); and residents of coastal urbanizations built without 

flood cartography, such as Bahía Bella and Vallesor in Mazarrón (raised by ITREM). The 

Ecologistas en Acción Región de Murcia interview (completed shortly before this report’s 

submission) adds environmental civil-society representation to these priority groups; its 

specific findings will be incorporated into this analysis in a subsequent update. 

● Acceptable risk levels. Neither Phase 1 nor the Phase-2 interviews identify a formally 

adopted, quantitative risk-tolerance threshold for the Region of Murcia. This is consistent 

with Phase 1’s limitation (ii) – incomplete vulnerability evidence – and remains an evidence 

gap. It is flagged here, rather than estimated, as a priority for a future phase. 

2.1.4 Application of principles 

Phase 2 applies the three CLIMAAX Framework principles below through the stakeholder 

engagement process described in Section 2.1.5 and through the data and methodological choices 

described in Section 2.3. 

● Social justice, equity, inclusivity. The Phase 2 interview programme deliberately included 

institutions representing populations and sectors with limited capacity to self-advocate in 

regional climate planning: dependent and elderly residents of social-care facilities (DG 

IMAS), smallholder and extensive-livestock farmers in economically lagging interior 

comarcas (DG Industria Alimentaria y Asociacionismo Agrario, and FECOAM), and 

environmental civil society (Ecologistas en Acción; interview completed shortly before this 

report’s submission, findings pending incorporation). This complements, rather than 

replaces, Phase 1’s broader 145-organisation stakeholder map (D1, Table 2-2). 

● Quality, rigour, transparency. The flood-risk re-analysis in Section 2.3 is built on a published, 

peer-reviewable methodology (Huizinga et al., 2017 depth-damage curves, implemented 

through the open-source DamageScanner library) and documents its data sources, 

assumptions and spatial resolution explicitly, so that the discrepancy between Phase 1 and 

Phase 2 damage estimates can be inspected and explained rather than presented as a 
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simple correction. Interview recordings were made with informed consent and transcripts 

were anonymized prior to analysis. 

● Precautionary approach. Where Phase 2 evidence is incomplete or still pending – the one 

outstanding stakeholder interview, the absence of new quantitative work on the heatwave 

hazard, and the absence of a formally adopted regional risk-tolerance threshold – this 

deliverable states the gap explicitly rather than extrapolating from partial information. 

2.1.5 Stakeholder engagement 

Participation and risk ownership 

Stakeholder participation and risk ownership are central components of the Phase 2 Climate Risk 

Assessment developed within the REGMURCIA CLIMAAX project. Climate-related risks in the Region 

of Murcia affect multiple sectors, territories, administrative levels and population groups, while 

responsibility for their prevention, management and adaptation is distributed across a wide range 

of institutions. 

The participatory approach implemented in Phase 2 is coherent with the objectives established in 

Phase 1. That first deliverable defined the need to move from preliminary hazard screening towards 

a more detailed and participatory assessment able to support higher-resolution analysis, risk 

prioritisation and the future design of adaptation measures. It also established the importance of 

linking the scientific assessment with regional decision-making, sectoral planning and stakeholder 

ownership. 

During Phase 2, this structure was operationalised through a more detailed participatory process. 

Stakeholder involvement was not conceived as a single consultation event, but as a sequence of 

complementary activities aimed at improving the quality, relevance and usability of the Climate Risk 

Assessment. These activities included an expert review of the consultation instruments based on a 

Delphi-informed design, a structured stakeholder survey, semi-structured interviews and the 

subsequent triangulation of stakeholder evidence with the regionalized risk-analysis results. 

The main stakeholder groups considered in the process include regional public administrations, 

municipal authorities, water-management organisations, civil-protection and emergency-

management services, public-health and social-service institutions, agricultural and agri-food 

representatives, tourism-sector actors, transport and logistics operators, energy and industrial 

stakeholders, critical-infrastructure managers, environmental organisations, academic and research 

institutions, professional associations, business and sectoral organisations, civil-society entities 

and representatives of exposed territories or vulnerable population groups. 

Risk ownership in the Region of Murcia is shared across several governance levels and institutional 

domains. No single organisation has exclusive responsibility for all dimensions of climate risk. 

Responsibilities vary according to the hazard considered, the exposed system, the population 

affected, and the type of action required. 

The regional administration has a central role in strategic climate policy, territorial planning, 

environmental management, public health, agriculture, infrastructure, civil protection and the 

coordination of adaptation measures. Municipal governments are responsible for many locally 

relevant functions, including urban planning, public-space management, maintenance of local 

infrastructure, emergency preparedness, social services, public communication and the practical 

implementation of adaptation measures at neighbourhood and municipal level. National and basin-
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level institutions retain key responsibilities for meteorological monitoring, water-resource 

management, flood-risk planning, coastal management, national infrastructure and regulatory 

frameworks. 

Private operators and sectoral organisations also hold relevant responsibilities where climate risks 

affect energy, transport, industrial facilities, tourism, agriculture, insurance, supply chains and other 

economic activities. Research institutions and universities support risk ownership by providing 

scientific evidence, methodological development, data analysis, training and independent technical 

interpretation. Civil-society organisations, professional associations and environmental groups 

contribute territorial knowledge, social perspectives and experience on impacts, preparedness and 

the acceptability of adaptation measures. 

This distribution of responsibilities makes coordination a critical aspect of climate-risk governance. 

Climate hazards in the Region of Murcia may generate cascading and cross-sectoral effects. 

Drought may affect water availability, agriculture, ecosystems, energy demand, employment and 

food-production systems. Flooding may disrupt housing, transport, emergency access, public 

services, industrial activity and critical infrastructure. Heatwaves may affect health, labour 

productivity, energy consumption, tourism and social-service demand. Coastal flooding may affect 

tourism, residential areas, transport corridors, ports, coastal ecosystems and strategic industrial 

facilities. 

The Phase 2 participatory process therefore seeks to clarify not only which stakeholders are 

affected by climate risks, but also who is responsible for identifying, monitoring, preventing, 

managing, financing and responding to them. It also seeks to identify which actors control relevant 

information, which institutions have the capacity to implement adaptation measures and which 

groups must be consulted because they are particularly exposed or vulnerable: 

• legal and administrative responsibility; 

• technical and operational capacity; 

• access to data and information; 

• financial resources; 

• territorial proximity; 

• responsibility for emergency response and recovery; 

• representation of exposed or vulnerable groups; 

• ability to influence planning, investment, regulation and implementation. 

The process also recognises that formal responsibility does not always correspond to effective 

adaptive capacity. Some institutions may have legal mandates but limited financial, technical, 

human or informational resources. Conversely, some actors may possess relevant local knowledge 

or implementation capacity despite having limited formal authority. This distinction is essential for 

assessing resilience capacity and for identifying realistic adaptation measures. 

The stakeholder matrix prepared during Phase 1 was used as the starting point for Phase 2. It 

classified stakeholders according to the preferred mode of engagement and the climate-risk 

workflow to which they were most closely connected. The matrix included actors initially assigned 

to interviews, Delphi consultation and survey dissemination. The initial plan considered 79 different 

entities for the stakeholder survey, 34 expert consultations for the Delphi-informed review and 46 

semi-structured interviews. These figures were used as the operational reference for Phase 2 

stakeholder engagement (Figure 2-1 and Table 2-3). 
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Figure 2-1 Initial stakeholder engagement structure derived from the Phase 1 stakeholder matrix. Source: REGMURCIA 
CLIMAAX stakeholder matrix. 

Table 2-3 Initial stakeholder engagement structure derived from Phase 1. 

Engagement 

mode 

Initial stakeholder 

units 

Main purpose in 

Phase 2 

Expected contribution 

Interview 46 interviews planned In-depth qualitative 

consultation 

Contextual interpretation of risks, 

institutional preparedness, governance 

barriers, sectoral impacts and 

adaptation priorities. 

Delphi-informed 

review 

34 expert consultations 

planned 
Expert review of 

consultation instruments 

Review and improvement of the original 

interview guide and survey before wider 

dissemination. 

Survey 79 different entities 

planned 
Wider structured 

consultation 

Comparable information on 

perceptions, adaptation measures, 

preparedness, information use and 

organisational capacity. 

The final engagement process combined planned participation with adaptive changes introduced 

during implementation. In practice, the Delphi-informed review helped redesign the consultation 

instruments; the survey generated 67 response records, although these do not correspond to 67 

different entities because some organisations or institutional areas may be represented by more 

than one respondent; and 8 semi-structured interviews were conducted or processed with selected 

actors representing institutional, technical, sectoral and territorial perspectives. Although the level 

of participation was lower than initially expected in some instruments, the survey return is 

considered strong in relation to the initial target of 79 entities, with 67 response records collected. 

Even considering that these responses are not equivalent to 67 unique entities, the dataset is 

methodologically acceptable for the interpretative objectives of Phase 2 because it covers a broad 

variety of responsibilities, institutional positions, territorial perspectives and climate-governance 
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concerns. The smaller number of completed interviews should be interpreted as a targeted 

qualitative sample rather than as the full implementation of the initial interview target. 

Stakeholder engagement methodology and workflow 

The stakeholder engagement process in Phase 2 was organised as a sequential and adaptive 

methodology. Its purpose was to ensure that the participatory instruments were adequate before 

implementation, that a sufficiently broad group of stakeholders could provide structured information 

and that key actors could contribute more detailed qualitative evidence through interviews. 

The methodology was developed in five main stages: stakeholder identification and classification; 

Delphi-informed expert review of the original consultation instruments; revision and closure of the 

final survey and interview guide; implementation of the quantitative survey and semi-structured 

interviews; and future triangulation of stakeholder evidence with the regionalized risk-analysis 

results (Table 2-4). 

Table 2-4 Methodological workflow for stakeholder consultation in Phase 2. 

Stage Instrument or action Main objective Output 

1. Stakeholder 

mapping 

Phase 1 stakeholder 

matrix 

Identify relevant actors and 

assign them to engagement 

modes. 

Initial engagement list by 

stakeholder type, 

hazard/workflow and method. 

2. Pre-Delphi 

materials 

Original survey and draft 

interview approach 

Prepare consultation instruments 

for expert review. 

Draft questionnaire and 

interview structure. 

3. First Delphi-

informed round 

Workshop feedback and 

email consultation 

Identify problems in length, focus, 

wording and relevance. 

Expert feedback and technical 

corrections. 

4. Revision of 

instruments 

Internal methodological 

revision 

Incorporate feedback and adapt 

tools to regional stakeholders. 

Final stakeholder survey and 

semi-structured interview 

guide. 

5. Second Delphi-

informed round 

Resubmission of revised 

instruments 

Seek further expert validation or 

additional comments. 

No additional responses 

received; instruments closed. 

6. Survey 

implementation 

Final Google Forms 

questionnaire 

Collect comparable stakeholder 

information. 

67 survey response records, 

not necessarily 67 unique 

entities. 

7. Semi-structured 

interviews 

Final interview guide Obtain deeper qualitative 

evidence. 

9 conducted or processed 

interviews. 

8. Integration and 

validation 

Triangulation with 

modelled results 

Compare stakeholder evidence 

with technical risk analysis. 

Integrated in Sections 2.4.7 

and 2.4.8; further validation 

planned in Phase 3. 

The process was designed to combine comparability and depth. The survey allowed the project to 

collect structured information from a wider stakeholder base, while the interviews provided the 

flexibility needed to explore specific institutional, territorial and sectoral issues in more detail. The 

Delphi-informed review served as an intermediate methodological quality-control step, helping 

ensure that the final instruments were clearer, shorter and better adapted to the Region of Murcia. 



 

29 

  

Deliverable Phase 2 

The participatory process was also designed to address several dimensions required by the 

CLIMAAX Key Risk Assessment framework. These include perceived severity, urgency, adaptive and 

response capacity, information needs, existing measures, barriers to implementation and priorities 

for adaptation. 

The stakeholder engagement process was not treated as a statistically representative survey of the 

whole regional population. Instead, it was conceived as a structured consultation of relevant 

stakeholders, experts and institutions. Its value lies in capturing informed perspectives from actors 

with professional, institutional, sectoral or territorial knowledge of climate-related risks. The 

evidence obtained through this process will be used carefully and in combination with other sources. 

Stakeholder perception will not automatically replace quantitative risk outputs. Instead, it will be 

used to contextualize, interpret and, where necessary, question or qualify model-based results. 

Delphi-informed expert review of consultation instruments 

Before launching the stakeholder survey and the semi-structured interviews, the REGMURCIA 

CLIMAAX team carried out an expert consultation based on a two-round Delphi-informed approach. 

At this stage, the Delphi process was not intended to validate the final climate-risk modelling results. 

Its function was methodological: to review and refine the two main instruments that would later be 

used with stakeholders, namely the semi-structured interview guide and the quantitative stakeholder 

survey. 

The purpose was to assess whether the instruments were understandable, relevant, balanced, 

proportionate in length and suitable for the different types of stakeholders expected to participate 

in Phase 2. This was particularly important because the consultation had to include public 

administrations, technical services, research institutions, sectoral bodies, professional 

organisations, environmental associations and local authorities, not only private companies or 

business organisations. 

The original questionnaire used before the Delphi-informed review was based on organisational 

adaptation practices. It included 35 questions on climate-change beliefs, stakeholder pressure, 

environmental management, adaptation strategies, monitoring and evaluation, capacity building, 

environmental performance, organisational resilience and demographic information. Although 

methodologically structured, the first version was strongly oriented towards organisational and 

business practices and did not yet include a sufficiently developed block on concrete adaptation 

measures for the hazards analysed in REGMURCIA CLIMAAX. The original pre-Delphi questionnaire 

is documented in Annex-REGMURCIA_CLIMAAX-Original-Survey. 

Preliminary presentation during the COAST CRAFT study visit 

The Delphi-informed process was preceded by a dissemination and engagement activity held in the 

context of the COAST CRAFT Interreg Europe study visit organised in the Region of Murcia on 17 

and 18 March 2026. The meeting brought together political and technical representatives from the 

Region of Murcia, European project partners and other stakeholders. Participating international 

partners represented institutions from Italy, Belgium, Albania, the Netherlands, Bulgaria and 

Lithuania. 
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During the session dedicated to stakeholder presentations, the REGMURCIA CLIMAAX project was 

introduced to the participants. The presentation explained the objectives and scope of REGMURCIA 

CLIMAAX, the role of stakeholder participation within the Climate Risk Assessment, the purpose of 

the semi-structured interviews and quantitative questionnaire, and the type of expert review 

requested before their wider application. 

This event served both as a dissemination action and as an initial opportunity to present the 

consultation instruments to a diverse group of institutional and technical actors. The international 

and multidisciplinary composition of the meeting provided access to experience from different 

administrative and territorial contexts, although not all participants had the same degree of 

familiarity with the specific institutional and climate-risk conditions of the Region of Murcia. 

First Delphi-informed round: feedback on the original instruments 

After the preliminary presentation, the original consultation materials were circulated among the 

selected experts by means of a standardised email. The materials included the original survey and 

the draft structure of the semi-structured interview process. Experts were asked to review the 

relevance of the thematic blocks, the clarity of the questions, the appropriateness of the language, 

the balance between institutional, territorial, social and economic issues, the expected completion 

time and the suitability of the questions for different stakeholder profiles. 

The first stage of feedback produced several relevant observations. During the workshop, various 

interventions highlighted that both the interview guide and the survey were too long. Participants 

indicated that the expected time required to complete them could discourage participation, 

particularly among senior public officials, technical staff with limited availability and stakeholders 

whose participation depended on voluntary engagement. 

Several comments also indicated that the initial materials were too strongly focused on companies 

and organisational business practices. Although these dimensions were relevant, they were not 

sufficiently adapted to the responsibilities, knowledge and decision-making context of public 

administrations and technical bodies. The initial questionnaire also did not pay sufficient attention 

to concrete adaptation measures for the main hazards addressed in the project, such as river and 

pluvial flooding, coastal flooding and sea-level rise, heatwaves, drought and water scarcity. 

• excessive length of the original instruments; 

• excessive emphasis on business and company-centred adaptation practices; 

• insufficient attention to public-administration responsibilities; 

• limited coverage of institutional preparedness and governance; 

• insufficient focus on coordination between regional and local administrations; 

• limited attention to public services and emergency management; 

• insufficient development of questions on political commitment and implementation barriers; 

• absence of a sufficiently explicit block on concrete adaptation measures by hazard; 

• need to simplify language and reduce technical or academic wording. 

The email consultation generated additional feedback. Of all experts consulted, seven provided 

similar substantive feedback. Their comments reinforced the concerns raised during the workshop, 

especially the need to shorten the instruments, simplify their wording and shift the focus towards 
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public administration, governance, preparedness, coordination and adaptation policy. A further four 

experts provided mainly technical corrections to the questionnaire and interview guide. These 

corrections addressed wording, formatting, question order, response options, duplication and 

clarity. The remaining experts did not provide feedback (Figure 2-2). 

 

Figure 2-2 Delphi-informed expert review: first- and second-round response pattern. 

Although participation was lower than expected, the responses received were sufficiently consistent 

to identify a clear set of methodological improvements. The low response rate was therefore treated 

not only as a limitation, but also as evidence that the original consultation materials demanded 

excessive time and were not optimally adapted to the needs and responsibilities of all intended 

participants. 

Revision from the pre-Delphi questionnaire to the final survey 

The Delphi-informed review led to a substantial transformation of the original questionnaire. The 

pre-Delphi survey was not simply shortened; it was reoriented from a broad organisational-

adaptation questionnaire towards a regional climate-risk and adaptation questionnaire adapted to 

the governance context of the Region of Murcia (Table 2-5). 

Table 2-5 Main changes from the pre-Delphi survey to the final stakeholder survey. 

Dimension Original pre-Delphi survey Final stakeholder survey 

General orientation Organisational adaptation practices, with 

strong emphasis on companies and 

management structures. 

Climate-risk perception, adaptation 

measures, preparedness and information 

use in the Region of Murcia. 

Length 35 questions, including several long 

matrices and organisational constructs. 
31 questions, with simplified wording and 

more direct thematic structure. 
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Target audience More suitable for companies and 

organisations with formal management 

structures. 

Adapted to public administrations, local 

authorities, professional bodies, 

associations, research centres and sectoral 

entities. 

Hazard-specific 

adaptation 
Limited development of concrete 

adaptation measures by hazard. 
Specific blocks on river/pluvial flooding, 

coastal flooding and sea-level rise, 

heatwaves, drought and water scarcity. 

Governance and public 

administration 
Indirectly addressed through stakeholder 

pressure and organisational variables. 
Strengthened through questions on 

budgets, training, monitoring, evaluation, 

information use, resilience and institutional 

capacity. 

Language and usability More academic and business-oriented 

terminology. 
Simpler language, shorter explanations and 

response options adapted to non-academic 

participants. 

Reproducibility Documented as original pre-Delphi material 

in Annex. 
Documented in Spanish and English as final 

survey in Annex. 

The principal changes included reducing the overall length of the survey and interview guide; 

removing or merging duplicated questions; simplifying language and reducing unnecessary 

technical terminology; reducing the relative weight of business-oriented questions; strengthening 

the focus on public administrations and institutional responsibilities; incorporating clearer questions 

on preparedness, anticipation and response capacity; improving the treatment of coordination 

between administrations and sectors; expanding the sections on vulnerable groups, exposed 

territories and public services; improving the questions on current and expected climate impacts; 

introducing more direct questions on adaptation priorities and feasible measures; and improving the 

organisation and sequence of the thematic blocks. 

The revised survey was transformed into a more regionally relevant questionnaire focused on 

climate-risk perception, adaptation measures, organisational preparedness, information use, 

resilience and respondent characteristics. The revised interview guide was designed as a 

conversational instrument for interviews of approximately 30 minutes. It was structured around 

perception of climate change, current and expected impacts, preparedness, governance, barriers, 

adaptation measures and the usefulness of REGMURCIA CLIMAAX results. 

Second Delphi-informed round and closure 

The revised instruments were returned to the expert panel by email as the second round of the 

Delphi-informed review. The purpose of the second round was to allow experts to review the 

changes introduced after the first round, assess whether their comments had been adequately 

incorporated, identify any remaining methodological problems and express agreement, 

disagreement or further recommendations. 

No responses were received during the second round. Consequently, it was not possible to assess 

the degree of convergence, stability of judgement or consensus among the expert panel. For this 

reason, the process cannot be described as a fully completed Delphi exercise. It is more accurately 

defined as an expert consultation informed by a two-round Delphi design. 
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Nevertheless, the first round generated clear and actionable feedback and resulted in a substantial 

improvement of the consultation instruments. In the absence of additional comments in the second 

round, the revised instruments were closed and adopted as the final survey and final semi-structured 

interview guide for Phase 2. 

The experience showed that written expert consultations without personalized follow-up may be 

insufficient to maintain participation across successive rounds. It also demonstrated the need to 

define a smaller and more specifically committed expert panel, agree on participation before 

launching the first round, establish clear deadlines and reminders, provide concise review templates 

and complement email consultation with direct interviews or dedicated review meetings. These 

lessons informed the subsequent stakeholder engagement strategy. Rather than relying exclusively 

on repeated written expert consultation, the project proceeded with a combination of a shortened 

quantitative survey and semi-structured interviews with directly relevant regional stakeholders. 

Quantitative stakeholder survey: methodology and participation 

The quantitative stakeholder survey was designed to collect comparable information from a broader 

group of institutions, organisations, professional bodies, associations and territorial actors in the 

Region of Murcia. The final questionnaire was implemented after the Delphi-informed review and 

incorporated the main changes resulting from expert feedback. 

Compared with the original pre-Delphi questionnaire, the final survey was shorter, more accessible 

and more directly connected to climate-risk assessment and adaptation in the Region of Murcia. It 

included 31 questions and was prepared in Spanish. The final survey was implemented in Spanish. 

However, for greater reproducibility, Annex-REGMURCIA_CLIMAAX-Final-Survey_Bilingual presents 

the final survey both in its original language and translated into English. The operational version was 

implemented through Google Forms. 

The final survey was organised into four thematic blocks: perception of climate change and its 

impacts; adaptation measures for different climate risks; adaptation capacity, monitoring, 

evaluation and information use; and general information about the respondent and/or their 

organisation, entity or activity (Table 2-6). 

Table 2-6 Thematic structure of the final stakeholder survey. 

Survey block Questions Purpose 

Perception of climate change 

and impacts 
Q1-Q5 Assess belief in climate change, perceived causes, expected 

impacts and level of concern. 

Adaptation measures for 

climate risks 
Q6-Q10 Evaluate the perceived importance of specific adaptation 

measures for river/pluvial flooding, coastal flooding, heatwaves, 

drought and water scarcity. 

Adaptation capacity and 

information use 
Q11-Q18 Assess budget, training, monitoring, evaluation, information use, 

resilience and strategies to address climate risks. 

Respondent and organisation 

profile 
Q19-Q31 Characterise the respondent, organisation, sector, territorial 

context and activity. 
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Objectives of the survey 

The survey had several specific objectives: to assess whether stakeholders consider climate change 

to be a current and relevant reality for the Region of Murcia; to identify the expected severity of 

climate impacts over the next decades; to measure concern regarding impacts on individuals, local 

communities, the country, the global population and ecosystems; to assess the perceived 

importance of adaptation measures for river flooding, intense rainfall, coastal flooding, sea-level 

rise, heatwaves, drought and water scarcity; to identify other adaptation measures proposed by 

stakeholders; to evaluate whether organisations have specific budgets and training related to 

climate adaptation; to assess the frequency with which organisations monitor and evaluate 

adaptation actions; to identify the types of climate information and maps used by organisations; to 

assess perceived organisational resilience and response capacity; and to characterise the 

institutional, territorial and sectoral profile of respondents. 

The survey therefore provides a structured basis for analysing stakeholder perceptions of climate 

risk, adaptation priorities and organisational preparedness. It will also support the later 

interpretation of severity, urgency and resilience capacity in the Key Risk Assessment step. 

Survey dissemination and participation 

The survey was disseminated among stakeholders identified during Phase 1 and through additional 

contacts generated during Phase 2. The dissemination strategy sought to reach regional and local 

administrations, universities and research centres, technical bodies, environmental organisations, 

professional associations, health and social-service entities, agricultural representatives, 

emergency services and other organisations with relevant knowledge of climate risks and 

adaptation in the Region of Murcia. 

A total of 67 response records were collected. The Phase 1 plan had envisaged distributing the 

survey to 79 different entities. The number of responses obtained is therefore more than acceptable 

for the objectives of this consultation, although the response records should not be interpreted as 

67 different entities because some organisations or institutional areas may be represented by more 

than one respondent. However, the responses obtained are considered sufficient to support the 

qualitative and interpretative objectives of the stakeholder consultation because they represent a 

broad range of responsibilities, institutional roles, professional profiles and climate-related concerns 

within the regional governance context. 

The survey responses include regional administration bodies, municipal administrations, 

universities and research/technical entities, public-health and social-service actors, professional 

associations, environmental and meteorological associations, agricultural representatives, 

emergency services and civil-society organisations. The strong presence of regional and local public 

administrations is especially relevant for this phase, given that many adaptation decisions depend 

on planning, coordination, regulation, technical capacity and implementation at different 

administrative levels (Figure 2-3 and Table 2-7). 
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Figure 2-3 Preliminary classification of survey participation by stakeholder group. Note: 67 response records were collected; 
the working affiliation list currently contains 56 identifiable affiliation entries, while 11 response records are shown as 
requiring final affiliation cleaning before the results section. 

Table 2-7 Analytical classification of survey respondents by stakeholder group. 

General stakeholder 

group 

Examples of respondents 

included 

Analytical relevance 

Regional administration CARM, Dirección General de Patrimonio 

Natural y Acción Climática, Dirección 

General de Medio Natural, Consejería 

de Medio Ambiente, Subdirección 

General de Infraestructuras, Dirección 

General de Industria, Energía y Minas, 

environmental agents. 

Strategic planning, regulation, environmental 

management, infrastructure, climate policy 

and implementation capacity. 

Local administration Municipalities such as Librilla, Cieza, 

Alcantarilla, Cartagena, Los Alcázares, 

Murcia and Lorquí. 

Local exposure, urban planning, municipal 

services, emergency preparedness and 

implementation barriers. 

Universities, research 

and technical centres 
UPCT, Universidad de Murcia, 

CETENMA. 
Technical knowledge, climate-risk 

interpretation, data and methodological 

assessment. 

Health, social and 

professional bodies 
Servicio Murciano de Salud, public 

health, nursing, social work, veterinary, 

agricultural engineering and geography 

professional bodies. 

Vulnerable groups, public health, social 

impacts, professional practice and sectoral 

adaptation. 
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Environmental and 

meteorological 

associations 

AMETSE, MeteoNoroeste, ANIDA and 

related associations. 
Local observation, environmental impacts, 

risk perception and territorial knowledge. 

Agricultural sector COAG Murcia and related actors. Drought, water scarcity, agricultural 

vulnerability and adaptation measures. 

Emergency services Regional fire and rescue consortium 

and related operational bodies. 
Emergency response, preparedness, 

wildfire/flood response and operational 

capacity. 

Civil society and other 

actors 
Neighbourhood associations, other 

associations and unspecified entries. 
Social perception, local concerns, public 

acceptability and additional territorial 

knowledge. 

Semi-structured interviews: methodology and sample 

Semi-structured interviews were used to obtain deeper qualitative information from selected 

stakeholders. While the survey provides comparable responses across a broader group, interviews 

allow participants to explain their perceptions, experiences, institutional constraints and adaptation 

priorities in greater detail. 

The interview guide was developed after the Delphi-informed review and reflects the main 

methodological lessons from that process. It was designed as a flexible conversational instrument 

rather than a closed questionnaire. Its purpose was to ensure that all relevant topics were covered 

while allowing the interviewer to adapt the conversation to the profile, responsibilities and expertise 

of each participant. The interview guide is included as Annex-REGMURCIA_CLIMAAX-Semi-

Structured-Interview-Guide in Spanish and English for reproducibility. 

Objectives of the interviews 

The interviews had the following objectives: to explore stakeholders’ perception of climate change 

in the Region of Murcia; identify the climate risks considered most relevant by each institution or 

sector; document current impacts already observed by stakeholders; identify expected future 

impacts and risks that may become more serious over time; detect exposed territories, sectors, 

infrastructure, ecosystems and population groups; assess perceived preparedness, anticipation and 

response capacity; identify weaknesses in data, planning, coordination, financing, technical 

resources or political leadership; examine governance barriers and conflicts between economic, 

territorial, environmental and social objectives; collect proposals for adaptation measures and 

strategies; and identify how REGMURCIA CLIMAAX outputs could be useful for stakeholders. 

Interview design 

The interview guide was structured into eight thematic blocks: introduction of the project and 

framing of the conversation; general perception of climate change in the Region of Murcia; main 

climate risks and current impacts; expected impacts and future evolution of risk; preparedness, 

anticipation and response capacity; political engagement, governance and barriers; priorities, 

strategies and adaptation measures; and usefulness of the CLIMAAX project and future 

collaboration. 
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The guide also included examples of adaptation measures for drought and agriculture, fluvial 

flooding, coastal flooding and heatwaves. These examples were not intended to lead responses, but 

to help open the conversation if participants did not spontaneously mention specific measures. 

The indicative duration of each interview was approximately 30 minutes. Before beginning the 

interview, participants were informed of the purpose of the conversation, the voluntary nature of 

participation and the intended use of the information. Permission to record the interview was 

requested when appropriate, explaining that recordings would be used only to support transcription 

and that the anonymity of participants would be preserved in the reporting of results unless explicit 

authorization was provided. 

Interviewed stakeholders 

Nine interviews were conducted or formally processed during this stage. Although this number is 

lower than the initial target established in the Phase 1 engagement plan, the final interview sample 

provides a relevant and methodologically useful qualitative basis for the Phase 2 stakeholder 

assessment (Table 2-8). 

The value of the interview process does not depend only on the number of interviews completed, 

but also on the institutional relevance, sectoral diversity and analytical depth of the stakeholders 

involved. Semi-structured interviews are resource-intensive instruments that require direct contact, 

scheduling, preparation, implementation, transcription, synthesis and thematic interpretation. For 

this reason, the qualitative contribution of each interview is substantially higher than that of a short 

standardised response. 

The interviewed or contacted entities cover several key dimensions of climate-risk governance in 

the Region of Murcia: municipal climate action, meteorological observation, social vulnerability, agri-

food policy, territorial planning, agricultural cooperatives, agricultural and environmental research, 

and tourism. This combination provides information from public administrations, technical and 

scientific bodies, sectoral organisations and entities linked to exposed or vulnerable systems. 

The interview sample therefore supports the interpretation and contextual validation of the 

stakeholder consultation results, despite not reaching the initially planned number. It captures a 

wide range of responsibilities and concerns related to the main hazards addressed by REGMURCIA 

CLIMAAX, including drought and water scarcity, heatwaves, river and coastal flooding, territorial 

exposure, vulnerable populations, agricultural impacts, tourism vulnerability, preparedness, 

governance barriers and adaptation priorities. 

The interviews should consequently be interpreted as a targeted qualitative consultation rather than 

a statistically representative sample. Their function is to provide depth, explanation and institutional 

context, complementing the broader quantitative survey and the technical risk assessment. In this 

sense, the diversity and relevance of the interviewed stakeholders validate their use as a robust 

qualitative layer within the overall triangulation process of Phase 2. 
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Table 2-8 Semi-structured interviews conducted or processed in Phase 2. 

No. Entity / stakeholder General stakeholder group Main expected contribution 

1 Agencia Local de la Energía y 

Cambio Climático, 

Ayuntamiento de Murcia 

Local administration / climate 

and energy 
Urban adaptation, municipal climate 

action, heat, energy and local governance. 

2 AMETSE, Asociación 

Meteorológica del Sureste 
Meteorological / civil-society 

technical association 
Local climate observation, extreme events, 

rainfall, heatwaves and public perception. 

3 Dirección General / IMAS Social services / vulnerable 

groups 
Social vulnerability, exposed populations, 

preparedness and social response 

capacity. 

4 Dirección General de Industria 

Alimentaria y Asociacionismo 

Agrario 

Regional administration / agri-

food sector 
Drought, agriculture, agri-food systems and 

sectoral adaptation. 

5 Dirección General de 

Ordenación del Territorio y 

Arquitectura 

Regional administration / 

territorial planning 
Land-use planning, exposure, 

flood/coastal risk and adaptation in 

planning instruments. 

6 FECOAM Agricultural cooperative 

sector 
Agricultural impacts, water scarcity, 

drought adaptation and sectoral feasibility. 

7 IMIDA Research / agricultural and 

environmental development 
Scientific and technical knowledge on 

agriculture, water, crops and adaptation. 

8 ITREM Tourism sector / regional 

public body 
Tourism vulnerability, coastal areas, heat, 

seasonality and adaptation of tourist 

destinations. 

9 Ecologistas en Acción Región 

de Murcia 

Environmental civil society Environmental impacts, territorial conflicts, 

ecosystem vulnerability, Mar Menor, 

coastal and land-use concerns. Completed 

shortly before submission; not 

incorporated into the present analysis. 

Integration of stakeholder evidence and future validation 

The stakeholder evidence collected through the Delphi-informed review, the quantitative survey and 

the semi-structured interviews will be integrated into the Phase 2 Climate Risk Assessment in 

several ways. First, the Delphi-informed review improved the quality and relevance of the 

instruments used to collect stakeholder information. Although it did not result in a formal expert 

consensus, it provided actionable methodological feedback and led to a more suitable survey and 

interview guide. 

Second, the survey provides a structured overview of how different stakeholders perceive climate 

change, climate impacts, adaptation measures, preparedness, information use and organisational 

resilience. Third, the interviews provide qualitative depth and allow the project to understand why 

certain risks, barriers or measures are considered important by specific institutions or sectors. 

Fourth, the stakeholder evidence is compared with the regionalized modelling results in Sections 

2.4.7 and 2.4.8. This comparison supports a multi-source interpretation of risk, identifying points of 

convergence between modelled outputs and stakeholder perception, divergences between 
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quantitative results and local or institutional experience, governance or capacity factors that may 

increase or reduce actual risk, and implications for severity, urgency, resilience capacity and risk 

prioritisation. 

 

Further validation will be developed during Phase 3 through sectoral technical working tables and 

participatory workshops. At this stage, stakeholder engagement should therefore be understood as 

both a methodological and interpretative layer of the Climate Risk Assessment and as the basis for 

translating the integrated KRA into feasible adaptation measures. 

Quantitative stakeholder survey: results 

This section presents the statistical analysis of the 67 response records collected through the final 

stakeholder survey. The analysis is descriptive and inferential in an interpretative sense: it identifies 

patterns, internal contrasts and likely implications for the REGMURCIA CLIMAAX Climate Risk 

Assessment, but it does not treat the survey as a statistically representative sample of all 

institutions, organisations or residents in the Region of Murcia. 

For confidentiality and statistical secrecy, results are reported only in aggregate form. Individual 

entities are not identified in the analysis, and open-text answers are synthesized thematically rather 

than reproduced as attributable statements. Where stakeholder groups contain very few responses, 

results are not interpreted separately; they are used only as part of broader aggregated categories. 

Respondent profile and institutional coverage 

The response profile is strongly oriented towards public and technical stakeholders, which is 

consistent with the governance-oriented objectives of Phase 2. Regional administration represents 

the largest category of response records, followed by universities and technical centres, local 

administrations, and health, social and professional bodies. This composition is important for the 

interpretation of the results: the survey mainly captures the views of actors involved in planning, 

management, monitoring, regulation, professional practice and public-service provision, rather than 

general public opinion (Table 2-6). 
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Figure 2-4 Survey participation by stakeholder group. Source: REGMURCIA CLIMAAX stakeholder survey, n=67 response 
records. 

The distribution of responses confirms that the survey has a strong institutional basis. This is an 

advantage for the CLIMAAX Key Risk Assessment because the questions on preparedness, 

monitoring, data use and adaptation measures require knowledge of organisational capacities and 

public-policy implementation. At the same time, the concentration of responses in regional 

administration means that results should be interpreted as a stakeholder and expert-informed 

consultation, not as a balanced social survey. 

Perception of climate change and its causes 

The survey shows a very high level of recognition of climate change among stakeholders. Of the 67 

response records, 63 (94%) state that climate change is a reality, three select “do not know”, and 

one selects “no”. This indicates that the participatory sample is characterised by a broad baseline 

acceptance of climate change as a relevant issue for the Region of Murcia (Figure 2-5). 
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Figure 2-5 Perception of climate change as a reality. Source: REGMURCIA CLIMAAX stakeholder survey, n=67. 

The perceived role of human activities is also high. The mean score on the 1-7 scale is 6.0, with 51 

responses located at values 6 or 7. This suggests that most respondents do not interpret observed 

climate risks as purely natural variability, but as processes strongly associated with human-driven 

climate change. This has implications for adaptation governance: if climate risks are understood as 

structural and human-influenced, there is a stronger basis for preventive planning and policy 

intervention rather than purely reactive emergency management (Figure 2-6). 

 

Figure 2-6 Perceived anthropogenic contribution to climate change. 1= mainly natural changes; 7= mainly human activities. 
Source: REGMURCIA CLIMAAX stakeholder survey, n=67. 
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Expected impacts and concern levels 

Agreement with the expected consequences of climate change is consistently high. Respondents 

especially agree that environmental emergencies and extreme weather events may have important 

consequences for economic activities, followed closely by effects on lifestyles and on supply chains 

or access to products, materials and services. The three items have mean scores above 4.4 on a 1-

5 scale, showing a strong shared perception that climate change has systemic implications beyond 

environmental impacts alone (Table 2-9). 

Table 2-9 Agreement with general consequences of climate change. 

Item Mean High (4-5) % Very high (5) % 

Habits and lifestyles 4.52 89.60 68.70 

Economic activities 4.55 91.00 71.60 

Supply chains/services 4.46 89.60 65.70 

When respondents assess likely future impacts over the next 50 years, the highest score 

corresponds to the expectation of more natural disasters. Water scarcity also appears as a central 

concern at both global and local scales. The local water scarcity item reaches a mean of 4.30, 

confirming that water is perceived as one of the most regionally salient dimensions of climate risk 

(Figure 2-7). 

 

Figure 2-7 Perceived likelihood of climate-change impacts over the next 50 years. Source: REGMURCIA CLIMAAX 
stakeholder survey. 

Concern is also high across all scales of impact. The highest concern refers to nature and 

ecosystems, with a mean score of 4.45. This is relevant for the Region of Murcia because many of 

the adaptation measures later prioritised by respondents are linked to ecosystem restoration, water-

related ecosystems, natural channels, dunes, wetlands and urban green infrastructure. The concern 
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pattern suggests that stakeholders do not view adaptation only as protection of assets and services, 

but also as protection of ecological functionality and environmental quality (Figure 2-8). 

 

Figure 2-8 Concern about climate-change impacts. Source: REGMURCIA CLIMAAX stakeholder survey. 

Adaptation priorities by climate hazard 

The adaptation-measure blocks show very high support across all four hazard families included in 

the survey: river and pluvial flooding, coastal flooding and sea-level rise, heatwaves, and drought and 

water scarcity. The average scores for all hazard blocks are above 4.4 on a 1-5 scale. This means 

that stakeholders do not perceive adaptation as a marginal or optional policy area, but as a broad 

set of necessary actions (Figure 2-9). 
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Figure 2-9 Average importance of adaptation measures by hazard. Source: REGMURCIA CLIMAAX stakeholder survey. 

Heatwaves obtain the highest average adaptation-priority score, closely followed by river/pluvial 

flooding and drought/water scarcity. Coastal flooding and sea-level rise also receive high scores, 

but slightly lower on average. This pattern should not be interpreted as indicating that coastal risk 

is unimportant. Rather, it may reflect the stakeholder composition of the survey and the fact that 

heatwaves, drought and intense rainfall are perceived as region-wide concerns, while coastal 

flooding is spatially concentrated in specific municipalities and economic sectors. 

River and pluvial flooding adaptation priorities 

For river and pluvial flooding, respondents give highest priority to preventive, planning-oriented and 

nature-based measures. The most highly rated items are restoration of riverbanks, channels and 

natural areas; avoidance of new construction in flood-prone or high-risk areas; improvement of early-

warning systems; and revision of urban planning to better incorporate flood risk (Figure 2-10). 

 

Figure 2-10 River and pluvial flooding adaptation priorities. Source: REGMURCIA CLIMAAX stakeholder survey. 

This ranking is highly relevant for the interpretation of flood risk in the Region of Murcia. 

Stakeholders favour measures that reduce exposure and restore hydrological functionality, rather 

than relying only on post-event compensation. Economic aid, insurance and compensation receive 

the lowest average score within the flood block. This does not mean that recovery mechanisms are 

rejected, but it suggests that they are perceived as less transformative than land-use control, early 

warning, maintenance, restoration and infrastructure adaptation. 

Coastal flooding and sea-level-rise adaptation priorities 

For coastal flooding, sea storms and sea-level rise, the highest scores are assigned to restoration 

of dunes, wetlands, beaches and other natural protective areas, and to avoiding new construction in 

exposed coastal zones. Review of coastal planning and progressive relocation of certain uses, 
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activities or infrastructure away from the highest-risk areas also receive high levels of support 

(Figure 2-11). 

 

Figure 2-11 Coastal flooding and sea-level-rise adaptation priorities. Source: REGMURCIA CLIMAAX stakeholder survey. 

The results indicate a clear preference for anticipatory and spatially preventive coastal adaptation. 

Hard coastal defences and compensation mechanisms are rated lower than ecosystem restoration, 

planning revision and avoidance of new exposure. This pattern is consistent with an adaptation logic 

that prioritises reducing future risk accumulation over maintaining all current uses through 

engineering or financial compensation alone. 

Heatwave adaptation priorities 

Heatwave adaptation receives the highest overall average score among the hazard blocks. The 

strongest priorities are increasing trees, shade, green areas and spaces with water in towns and 

cities; protecting vulnerable groups; adapting buildings to reduce indoor heat; reducing the urban 

heat-island effect; and adapting working, school and outdoor activity schedules during extreme heat 

episodes (Figure 2-12). 
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Figure 2-12 Heatwave adaptation priorities. Source: REGMURCIA CLIMAAX stakeholder survey. 

These results show that stakeholders understand heatwaves as a combined public-health, urban-

design, labour and social-vulnerability challenge. The priority given to vulnerable groups, building 

adaptation, urban greening and schedule adaptation suggests that heat risk is not perceived only as 

a meteorological event, but as a social and territorial problem mediated by housing quality, urban 

form, labour conditions and access to cool spaces. 

Drought and water-scarcity adaptation priorities 

Drought and water scarcity also receive very high adaptation-priority scores. The leading measures 

are improving water savings and efficiency across agriculture, industry, tourism, households and 

public administrations; promoting agricultural practices that conserve soil moisture and reduce 

erosion; increasing reuse of treated wastewater; protecting and restoring aquifers, wetlands and 

water-related ecosystems; and modernising irrigation while reducing water-distribution losses 

(Figure 2-13). 

0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50 5,00

Improve heat early-warning systems

Improve heat-health information

Climate shelters and cool spaces

Specific protocols for key centres/services

Adapt work / school / outdoor schedules

Reduce urban heat island effect

Adapt buildings against indoor heat

Protect vulnerable groups

More trees, shade and blue-green spaces

Mean priority score (1–5)



 

47 

  

Deliverable Phase 2 

 

Figure 2-13 Drought and water-scarcity adaptation priorities. Source: REGMURCIA CLIMAAX stakeholder survey. 

The results point to a broad understanding of drought adaptation that goes beyond increasing 

supply. Desalination and alternative sources are rated highly, but not as the top priority. Stakeholders 

give more importance to efficiency, reuse, soil management, ecosystem restoration, aquifer 

protection and limits on water-intensive expansion. This suggests that drought adaptation is 

perceived as a demand-management and territorial-governance issue as much as a water-supply 

issue. 

Highest-priority measures across all hazards 

When all adaptation measures are ranked together, the highest-scoring items share several 

characteristics. They are preventive, spatially explicit, ecosystem-oriented or directly linked to 

vulnerable populations and essential services. The top-ranked measures include urban greening for 

heat adaptation, water-saving and efficiency, riverbank and natural-channel restoration, soil-

moisture conservation practices, dune and wetland restoration, avoidance of new construction in 

high-risk areas, and early warning (Figure 2-14). 
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Figure 2-14 Highest-priority adaptation measures across all hazards. Source: REGMURCIA CLIMAAX stakeholder survey. 

This cross-hazard ranking is one of the most relevant findings for the future adaptation phase. It 

suggests that stakeholders favour “no-regret” and “low-regret” measures that can simultaneously 

reduce exposure, improve environmental quality, support preparedness and avoid further 

accumulation of risk. Measures focused mainly on compensation or recovery tend to rank lower, 

indicating that stakeholders expect adaptation to act before damage occurs rather than only after 

impacts have materialized. 

Organisational preparedness: budget and training 

The survey reveals a clear gap between high perceived importance of adaptation and limited 

organisational preparedness. Only 12 response records indicate that the organisation, entity or 

activity has a specific budget for climate adaptation. Twenty-four indicate no specific budget, while 

30 select “do not know / no answer”. This shows that even where climate risk is widely recognised, 

dedicated financial capacity remains uncertain or insufficiently institutionalized (Figure 2-15). 
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Figure 2-15 Specific budget for climate adaptation. Source: REGMURCIA CLIMAAX stakeholder survey. 

Training shows a similar pattern. A large share of respondents either report low levels of staff 

training or do not know the proportion of trained personnel. Only a minority indicate that more than 

half of staff have received climate-adaptation training. This finding is important for resilience 

capacity: adaptation depends not only on plans and data, but also on human capacity, institutional 

routines and the ability of staff to use climate-risk information in daily decision-making (Figure 2-

16). 

 

Figure 2-16 Staff training in climate adaptation. Source: REGMURCIA CLIMAAX stakeholder survey. 
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Monitoring, evaluation and use of climate-risk information 

Monitoring and evaluation of adaptation actions appear as one of the weakest areas of the survey. 

Mean frequency scores are generally between 2.1 and 2.6 on a 1-5 scale. Monitoring scores are 

slightly higher than evaluation scores, but both remain low. This indicates that many organisations 

may be aware of climate risks and support adaptation measures, but do not yet have systematic 

procedures to track whether actions are being implemented or whether they are effective (Figure 2-

17). 

 

Figure 2-17 Monitoring and evaluation of adaptation actions. Source: REGMURCIA CLIMAAX stakeholder survey. 

Use of climate information is moderate. Professional, municipal or sectoral publications receive the 

highest score among information sources, followed by academic publications, public good-practice 

guides, international publications and other official sources. The differences are not very large, 

which suggests that stakeholders rely on a mixed information ecosystem rather than a single 

dominant source. 

The use of maps and technical analyses is uneven. River-flood maps or databases obtain the highest 

mean score, while heat-island maps, drought maps, vulnerable-population maps and technical 

vulnerability analyses are used less frequently. This is a key finding for REGMURCIA CLIMAAX. It 

confirms that spatial climate-risk information exists and is used in some domains, especially flood 

risk, but it also suggests that other dimensions of vulnerability and adaptation capacity are less 

operationalized in current institutional practice (Figure 2-18). 
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Figure 2-18 Use of climate information, maps and technical analyses. Source: REGMURCIA CLIMAAX stakeholder survey. 
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disruptions receives a lower score. This suggests a difference between awareness and operational 

capacity. Stakeholders may be relatively attentive to climate risks, but not always equipped to 

respond rapidly or adapt organisational routines. 

The organisational-flexibility items reinforce this interpretation. Questioning outdated practices 

receives a higher score than flexibility to respond quickly or rapid adaptation when priorities change. 

In other words, stakeholders appear to recognise the need to change, but institutional procedures, 

resources and governance arrangements may limit the speed of transformation. 

Regarding adaptation strategies, “assessing risks and options” and “accepting and managing risks” 

receive moderate scores, while “sharing or transferring risks” and “waiting and observing” are lower. 

This indicates that a purely passive approach is not dominant, but neither is adaptation fully 

consolidated as a systematic practice. The results point to a transition phase: risk awareness is 

high, but implementation capacity, monitoring, financing and organisational integration remain 

incomplete (Figure 2-19). 
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Figure 2-19 Perceived resilience, flexibility and adaptation strategies. Source: REGMURCIA CLIMAAX stakeholder survey. 

 

Stakeholder-group interpretation and inferential patterns 

The survey results show a broad consensus around the need for adaptation across all stakeholder 

groups. Average priority scores for adaptation measures remain high in every macro-group and for 

every hazard family. This means that the main difference between groups is not whether adaptation 

is considered important, but which types of risk and which types of measures are emphasised more 

strongly (Table 2-10 and Figure 2-20). 
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Figure 2-20 Adaptation-priority indices by stakeholder macro-group. Source: REGMURCIA CLIMAAX stakeholder survey, 
n=67 response records. 

Regional administration responses show a balanced but slightly stronger emphasis on heatwaves 

and drought/water scarcity. The highest-rated measures within this group are water saving and 

efficiency, treated wastewater reuse, soil-moisture and erosion-control practices, restoration of 

dunes, wetlands and beaches, protection of vulnerable groups and urban heat-island reduction. This 

profile is coherent with the regional administration’s responsibilities in environmental management, 

climate policy, water-related planning, territorial regulation and cross-sectoral coordination. It 

suggests that regional actors tend to frame adaptation as a combination of resource management, 

ecosystem-based action, spatial regulation and protection of vulnerable groups. 

Local administration responses show the strongest concern and future-impact perception among 

the broad groups. Their highest average score is associated with heatwaves, followed by 

river/pluvial flooding and drought. The most strongly supported measures include restoration of 

riverbanks and channels, climate shelters and cool spaces, adaptation of buildings against indoor 

heat, heat-health information, review of urban planning for flood risk and creation of retention or 

floodable areas. This pattern suggests that municipalities are particularly sensitive to direct service-

delivery pressures: urban heat, public-space design, buildings, local drainage, emergency 

communication and proximity to exposed populations. 

Knowledge, health and professional bodies give comparatively strong emphasis to planning, 

preventive regulation and information. Their top priorities include avoiding new construction in flood-

prone areas, reviewing coastal planning for sea-level rise, increasing trees and green-blue spaces, 

adapting buildings against heat, early warning and public training. Their scores for 

monitoring/evaluation and information use are lower than their adaptation-priority scores. This 

suggests a gap between expert or professional awareness of what should be done and the 
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operational capacity or institutional routines needed to monitor, evaluate and use climate-risk 

information systematically. 

The aggregated group of sectoral, environmental, civil-society and operational actors gives very high 

scores to river/pluvial flooding and drought/water scarcity, with strong support for restrictive land-

use planning, early warning, public training, coastal-risk information and soil-moisture/erosion-

control practices. Because this is an internally diverse group and includes small subcategories, the 

result should be interpreted cautiously. Even so, it indicates that actors outside the core regional 

administration tend to emphasise preventive regulation, risk communication and concrete territorial 

measures. 

Overall, the inter-group pattern points to complementarity rather than contradiction. Regional 

administration tends to emphasise strategic resource and ecosystem management; local 

administrations emphasise operational and urban adaptation; knowledge and professional bodies 

emphasise planning, prevention and information; and sectoral/civil-society actors emphasise 

regulatory prevention, risk communication and water/soil management. This diversity is useful for 

the Climate Risk Assessment because it reflects the multi-level governance structure of adaptation 

in the Region of Murcia. 

Capacity and implementation gap by stakeholder group 

The most relevant inferential result is the contrast between high adaptation-priority scores and lower 

implementation-capacity indicators. This gap appears across all stakeholder groups. While 

respondents rate adaptation measures as highly important, the reported frequency of monitoring, 

evaluation, information use and formal adaptation strategies is more moderate or low (Figure 2-21). 

 

Figure 2-21 Implementation-capacity indices by stakeholder macro-group. Source: REGMURCIA CLIMAAX stakeholder 
survey, n=67 response records. 
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Local administrations report the highest use of climate information and the highest 

monitoring/evaluation score among the four macro-groups. This is relevant because municipalities 

are closer to the day-to-day management of urban heat, drainage, public spaces, local emergency 

response and citizen communication. However, even in this group, the monitoring/evaluation index 

remains below the very high scores assigned to adaptation measures. This suggests that local 

actors recognise climate risk and some operational tools are already used, but the transition towards 

systematic evaluation of adaptation measures remains incomplete. 

Regional administration responses show relatively high information-use scores but lower 

resilience/flexibility and monitoring/evaluation indices than would be expected given their central 

role in climate policy. This should not be interpreted as lack of institutional awareness. Rather, it 

points to the complexity of embedding adaptation into routine administrative practice across 

multiple departments, regulations and planning instruments. The implication for Phase 3 is that 

adaptation options should not only identify technical measures, but also specify monitoring 

indicators, responsible units, data flows and follow-up mechanisms. 

Knowledge, health and professional bodies show one of the largest gaps between high concern and 

lower reported implementation capacity. This is important because these actors can provide 

scientific, technical, professional or social knowledge, but they may not always control the resources 

or mandates required to implement adaptation measures. Their role in Phase 3 may therefore be 

especially valuable in knowledge transfer, technical validation, professional guidance, training and 

monitoring support. 

The sectoral, environmental, civil-society and operational group shows the highest 

resilience/flexibility score, but the group is small and heterogeneous. This may reflect the greater 

adaptability of smaller or more mission-oriented organisations, or the operational experience of 

actors directly exposed to environmental risk. It should not be used to generalise to all sectoral or 

civil-society actors, but it does support the value of including them in later validation workshops and 

adaptation-design discussions. 

A second capacity gap concerns budgets and training. At the whole-sample level, only 12 response 

records reported a specific adaptation budget, while 24 reported no budget and 30 selected do not 

know/no answer. Training shows a similar pattern: most responses either report low training 

coverage or do not know the proportion of staff trained. This reinforces one of the main governance 

conclusions of the survey: adaptation is widely perceived as necessary, but it is not yet consistently 

institutionalised through dedicated budgets, staff training, monitoring systems and evaluation 

routines. 

Implications for risk prioritisation and Phase 3 

The inferred group differences have several implications for the next stages of REGMURCIA 

CLIMAAX. First, future prioritisation should avoid treating stakeholder perception as a single 

homogeneous signal. Regional, local, technical, social, environmental and sectoral actors 

emphasise different dimensions of the same risks. This makes the stakeholder evidence particularly 

useful for interpreting severity, urgency and resilience capacity. 
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Second, the high cross-group priority given to heatwaves, drought/water scarcity and river/pluvial 

flooding suggests that these hazards should remain central in the participatory interpretation of the 

regionalised risk analysis. Coastal flooding and sea-level rise also receive high scores, but their 

prioritisation appears more dependent on the territorial or institutional position of each respondent. 

This is consistent with the spatially concentrated but potentially severe character of coastal risk. 

Third, adaptation measures that appear repeatedly across groups should be considered strong 

candidates for Phase 3 discussion: water saving and reuse, urban heat adaptation, protection of 

vulnerable groups, nature-based solutions, land-use planning in exposed areas, early warning, public 

information, maintenance/restoration of watercourses and integration of future climate scenarios 

into planning. These measures combine broad stakeholder support with direct relevance to the 

hazards addressed by the project. 

Fourth, the main weakness identified by inference is not lack of awareness, but the implementation 

gap. The survey suggests that adaptation is recognised as necessary, but dedicated resources, 

training, monitoring, evaluation and institutional routines remain uneven. For this reason, Phase 3 

should distinguish between technical adaptation measures and enabling measures such as 

governance arrangements, data systems, inter-administrative coordination, staff training and 

monitoring frameworks. 

Optional open responses: thematic analysis 

The optional open question asked respondents to indicate additional adaptation measures not 

covered by the closed blocks on flooding, coastal risk, heatwaves, drought and sea-level rise. Twenty 

respondents provided free-text input. Individual responses are not reproduced in order to preserve 

confidentiality, but the content was coded thematically. The themes below should be interpreted as 

qualitative signals rather than as statistically weighted preferences (Table 2-11). 

 

Table 2-11 Aggregated themes from optional open responses. 

Theme Mentions Interpretation 

Early warning, protocols and 

risk communication 

4 Calls for stronger meteorological alert networks, operational severe-

weather protocols and communication to the population before and 

during extreme events. 

Heat adaptation in work, 

schools and buildings 

4 References to adapting working and school schedules, teleworking 

during heat episodes, improving thermal conditions in schools and 

providing suitable equipment for outdoor workers. 

Technical/scientific 

governance and inter-

administrative coordination 

4 Requests for decisions to be based on technical/scientific criteria, 

better professional training, depoliticisation of decision-making and 

stronger coordination between administrations. 

Water governance, demand 

management and local water 

infrastructure 

4 Proposals on water transfers, restrictions in overexploited aquifers, 

recovery of traditional water infrastructure, rainwater harvesting and 

more restrictive regulation of water-intensive uses. 

Energy transition and 

behavioural measures 

3 References to solar photovoltaic access in collective buildings, 

sustainable cooling, responsible use of air conditioning and measures 

reducing mobility-related emissions. 
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Land-use planning, 

responsibility and retreat from 

exposed areas 

3 Emphasis on integrating future climate scenarios into flood zoning, 

avoiding or removing infrastructure in flood-prone and coastal-risk 

areas and assigning responsibility for risky planning decisions. 

Nature-based solutions and 

urban/environmental quality 

3 Support for nature-based solutions, naturalised parks, green areas, 

protected spaces, reduced pollution and ecological restoration as 

adaptation measures. 

Communication framing and 

public acceptance 

1 One minority contribution warned against alarmist communication 

while supporting rigorous climate-risk work. 

Financing and investment for 

adaptation in public facilities 

1 Specific request for funding to improve cooling and thermal insulation 

in educational facilities using sustainable and efficient systems. 

 

The open responses reinforce and nuance the closed-question results. Several contributions insist 

on early warning, risk communication and operational protocols. This goes beyond generic 

awareness-raising: respondents refer to the need for alert systems and protocols that trigger 

concrete protective actions during severe weather, heat or flood episodes. This is directly relevant 

to the urgency and resilience-capacity dimensions of the CLIMAAX Key Risk Assessment. 

A second recurring theme is heat adaptation in everyday public and work environments. 

Respondents refer to teleworking, adaptation of school and work schedules, thermal improvement 

of educational facilities, sustainable cooling and protection of outdoor workers. These contributions 

are important because they translate heat risk into operational decisions affecting labour conditions, 

schools, public buildings and service continuity. They also indicate that heatwaves are not perceived 

only as a health emergency, but as a governance and infrastructure issue. 

Water governance appears in several comments through different angles: water transfers, 

restrictions in overexploited aquifers, recovery of traditional water infrastructure, rainwater 

harvesting, retention and infiltration in forest areas, and restrictions on highly water-consuming 

activities. The common thread is that drought and water scarcity are perceived not only as a 

meteorological hazard, but as a territorial-management and demand-governance challenge. 

Another strong qualitative signal concerns technical and scientific governance. Several responses 

request that climate adaptation decisions be based on technical evidence, scientific criteria and real 

inter-administrative coordination. These comments often express concern about political 

interference, fragmentation or lack of professional training. This theme supports the conclusion that 

the acceptability of adaptation measures may depend on transparency, technical credibility and 

coordination between responsible institutions. 

Land-use planning and retreat from exposed areas also emerge clearly. Some respondents refer to 

integrating future climate scenarios into flood-zone delimitation, avoiding new development in 

exposed areas, removing infrastructure located in fluvial or coastal risk zones instead of repeatedly 

repairing it, and assigning responsibility where planning decisions increase exposure. This 

qualitative evidence is especially relevant for the later comparison with flood and coastal-risk 

modelling outputs. 

Nature-based solutions and environmental quality are also present. Respondents mention 

naturalised parks, green areas, protected spaces, reduced emissions and nature-based solutions as 
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measures with lower implementation costs and better medium- to long-term performance. This 

theme connects climate-risk reduction with broader environmental quality and ecosystem 

restoration. 

Finally, a small number of responses refer to energy transition and behavioural measures, such as 

facilitating photovoltaic installations in collective buildings or promoting responsible air-

conditioning use. One minority response warns against alarmist communication while supporting 

rigorous work. This last point is useful because it reminds the project that risk communication must 

be technically robust, clear and proportionate if it is to support public acceptance rather than 

polarisation. 

Synthesis of additional inferential findings 

The additional analysis supports six main conclusions. First, stakeholder groups differ more in 

emphasis than in overall direction: all groups assign high importance to adaptation. Second, local 

administrations appear particularly concerned with operational urban risks, especially heat and local 

flood management. Third, regional administration responses point towards strategic measures 

related to water, ecosystem restoration, vulnerable groups and planning. Fourth, knowledge, health 

and professional bodies provide strong support for preventive planning, information and technical 

guidance, but appear less directly linked to implementation routines. Fifth, the open responses show 

that stakeholders expect adaptation to include governance reforms, protocols, training, financing 

and accountability, not only physical measures. Sixth, the most important cross-cutting gap is 

implementation capacity: budgets, training, monitoring and evaluation are not yet aligned with the 

high perceived importance of adaptation. 

These findings should be used as a qualitative-inferential layer in the final triangulation with the 

regionalised risk modelling. In particular, they can help explain why some hazards may be perceived 

as more urgent by certain actors, why some technically relevant risks may require stronger 

communication, and which adaptation measures are more likely to obtain institutional and social 

support in Phase 3. 

Semi-structured interviews: results and qualitative validation 

Eight semi-structured interviews were analysed. The interviews cover agriculture, tourism, 

meteorological observation, spatial planning, municipal climate action, social vulnerability and 

technical-scientific agroclimatic knowledge. Although the final number of interviews is lower than 

the initial target, the sample remains highly relevant for the objectives of Phase 2 because the 

interviewed entities occupy key positions in regional climate-risk governance and provide 

complementary sectoral, technical and institutional perspectives. 

The analysis combines qualitative interpretation and systematic content coding. The full coding 

matrices used to support this systematic content analysis are provided in Annex-

REGMURCIA_CLIMAAX-Quantitative coding matrices. They reproduce the exploratory scores 

assigned to the substantive interview content and provide traceability between the qualitative 

interpretation, the coded figures and the preliminary stakeholder-based prioritisation. Non-

substantive elements generated by the online interview format, including greetings, connection 

issues, audio checks, informal remarks, procedural explanations and interviewer repetitions, were 

filtered out before analysis. The coding should not be interpreted as inferential statistics. The 
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interviews constitute a targeted qualitative sample and are used to organise expert evidence, identify 

recurring priorities and validate the interpretation of the regional Climate Risk Assessment. 

Statistical and qualitative confidentiality has been preserved. The section does not reproduce 

personal comments or identify individual respondents beyond the institutional level already used in 

the stakeholder methodology. Direct quotations are not included. Instead, the analysis presents 

aggregated themes, synthetic coding results and interpreted findings relevant to the CLIMAAX 

assessment. 

The interview evidence is highly valuable but has limitations. The sample is intentional and not 

statistically representative. Some relevant actors remain underrepresented, especially basin and 

water management, public health, emergency management/civil protection, critical infrastructure 

and environmental civil society. These limitations should be made explicit in the D2, not as a 

weakness of the current analysis, but as guidance for subsequent validation and Phase 3 

engagement. 

Stakeholder sample and analytical coverage 

The current sample provides strong coverage in agriculture/drought, flood risk and spatial planning, 

heat and social vulnerability, and local meteorological knowledge. Coverage is more limited for basin 

and water management, formal public health, institutional emergency management, coastal and 

port governance, critical infrastructure and environmental civil society (Table 2-12). These gaps do 

not invalidate the findings, but they delimit the scope of the interview evidence and identify actors 

that should be prioritised in future validation or Phase 3 engagement. 

Table 2-12 Interviewed stakeholders and analytical contribution to Phase 2. 

Entity Type of actor Main value for Phase 2 

ITREM Tourism-sector 

administration 

Tourism, deseasonalisation, coastal areas, heat, 

tourism demand, social and environmental 

sustainability. 

AMETSE Meteorological association / 

territorial expert knowledge 

Local meteorological observation, early warning, 

ephemeral streams, torrential rainfall and 

heatwaves. 

Local Energy and Climate 

Change Agency, Murcia City 

Council 

Local administration Energy, municipal adaptation, citizen participation, 

funding and urban projects. 

DG IMAS Social administration / 

vulnerable centres 

Social vulnerability, care homes, occupational 

centres, air conditioning, evacuation and public 

buildings. 

DG Food Industry and 

Agricultural Associations 

Agricultural administration Drought, dryland farming, agricultural insurance, 

production losses and agricultural statistics. 

DG Spatial Planning and 

Architecture 

Territorial administration Planning, flood-prone areas, coastline, territorial 

guidelines and regional planning instruments. 

FECOAM Agricultural cooperative 

federation 

Drought, dryland farming, irrigation, generational 

renewal, profitability and cross-cutting policies. 



 

60 

  

Deliverable Phase 2 

IMIDA Agricultural technical-

scientific centre 

Agroclimatic data, SIAM network, crops, varieties, 

drought, heat, hail, frost and modelling. 

The interviews confirm the relevance of the main hazards selected in REGMURCIA CLIMAAX: 

drought, river and coastal flooding, and heatwaves. They also refine their interpretation by showing 

how each risk is expressed differently depending on sector, territory, institutional responsibility and 

capacity to act. 

 

 

General perception of climate change 

The general conclusion is that the Region of Murcia is already experiencing operational 

consequences consistent with climate change or with intensified climate variability. The language 

used by stakeholders differs. Some actors refer explicitly to climate change, while others are more 

cautious about terminology or the degree of alarmism. However, even cautious interviewees 

recognise observable effects: higher temperatures, altered crop calendars, production losses, 

drought pressure, torrential rainfall, flood exposure, coastal erosion, infrastructure stress and 

administrative difficulties in adapting quickly enough. 

This distinction is relevant for the D2 because acceptance of climate-change terminology is not the 

only indicator of risk awareness. The interviews validate the existence of sectoral and institutional 

problems that require adaptation regardless of how each actor frames the underlying climate 

process. 

The word cloud (Figure 2-22) provides a synthetic visual overview of the main concepts associated 

with climate-change perception in the stakeholder interviews. The prominence of terms such as 

climate change, risk, impact, flooding, drought, temperature, agriculture, water, vulnerability and 

adaptation indicates that stakeholders do not describe climate change as an abstract or distant 

phenomenon. Instead, they connect it directly with concrete hazards, exposed sectors and 

operational adaptation needs. 

The strong presence of flooding and drought confirms the central role of hydrological extremes in 

the regional perception of climate risk. Stakeholders refer both to structural water scarcity and 

drought, and to torrential rainfall, ephemeral streams and flood-prone areas. At the same time, terms 

such as temperature, heat, heatwaves and cooling highlight the growing importance of extreme heat, 

particularly in relation to health, public buildings, outdoor work, tourism and urban liveability. 

The figure also shows the relevance of agriculture-related terms, including agriculture, dryland, 

crops, irrigation and insurance. This reflects the importance of agricultural vulnerability in the Region 

of Murcia, especially regarding dryland farming, crop losses, profitability and risk-transfer 

mechanisms. In parallel, words such as territory, coast, tourism, facilities, buildings, social and 

governance show that interviewees link climate impacts with spatial planning, coastal management, 

public services, social vulnerability and institutional capacity. 
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Overall, the word cloud reinforces one of the main findings of the qualitative analysis: stakeholders 

perceive climate change as a cross-cutting risk affecting water, agriculture, territory, infrastructure, 

tourism, social services and governance. This supports the need for a Climate Risk Assessment that 

combines hazard analysis with exposure, vulnerability, preparedness and institutional adaptation 

capacity. 

 

Figure 2-22 Word cloud of recurrent terms associated with climate-change perception in the stakeholder interviews. 

Priority climate risks 

Drought appears as the most structural sectoral risk, particularly in relation to dryland systems. 

Flooding is interpreted not only as a hydrological hazard, but also as a planning and governance 

issue shaped by land occupation, ephemeral streams, exposure accumulation and warning capacity. 

Heatwaves appear as a multi-sectoral risk affecting health, care facilities, public buildings, outdoor 

workers, agriculture, tourism and urban liveability (Table 2-13). 

Table 2-13 Priority climate risks identified through the interviews. 

Risk Stakeholders reinforcing it Cross-cutting interpretation 

Drought and water 

scarcity 

DG Food Industry, FECOAM, 

IMIDA 

Structural agricultural risk, especially for dryland 

farming, woody crops and extensive livestock. 

Heatwaves AMETSE, IMAS, IMIDA, ITREM, 

Local Agency 

Health, labour, urban, tourism and agricultural risk. 

Torrential rainfall and 

flooding 

AMETSE, Spatial Planning, IMAS, 

Local Agency, ITREM, IMIDA 

Territorial and governance risk; especially relevant 

for ephemeral streams, Campo de Cartagena, 

metropolitan Murcia and coastal areas. 
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Coastal flooding and 

erosion 

ITREM, Spatial Planning Relevant for tourism, coastline, Mar Menor and 

coastal planning. 

Hail and frost IMIDA, DG Food Industry Agroclimatic risks not central in the initial hazard 

triad but important for agriculture and insurance. 

Desertification and 

abandonment 

FECOAM, DG Food Industry Compound risk associated with dryland farming, 

erosion, profitability and generational renewal. 

 

Current and expected impacts 

The interviews show that climate impacts are already being perceived in very concrete and 

operational terms across the main sectors consulted. In agriculture, stakeholders refer not only to 

drought as a general climatic pressure, but to its effects on dryland productivity, crop calendars, 

exposure to hail and frost, agricultural insurance, production costs and profitability. This is important 

because it frames drought as a structural territorial risk, especially for woody crops, cereals, 

vineyards, almond, olive and extensive livestock, rather than as a temporary water-shortage episode. 

In tourism, the evidence is more nuanced: stakeholders do not describe an immediate collapse of 

summer demand, but they do point to a gradual need for diversification, deseasonalisation and 

adaptation of destinations, accommodation and coastal infrastructure. Climate risk in tourism 

therefore appears as a process of spatial and seasonal reconfiguration, linked to heat, coastal 

pressure and sustainability. 

The interviews also make clear that some impacts are strongly mediated by social vulnerability and 

institutional capacity. Heat is particularly relevant for care homes, occupational centres, social 

centres and public buildings, where air-conditioning failures, lack of redundancy or delayed 

maintenance can directly affect dependent populations. Flooding and coastal erosion are 

interpreted not only as physical hazards, but also as planning and governance problems, shaped by 

accumulated exposure, land-use decisions and the slow development of preventive instruments. At 

the same time, emergency and warning systems emerge as a critical area, especially for torrential 

rainfall and ephemeral streams, where dense real-time meteorological information and rapid 

communication can make a substantial difference. Finally, municipal action appears constrained by 

administrative capacity, funding stability and the ability to translate climate-risk awareness into 

executable projects. Taken together, these findings show that the expected evolution of risk will 

depend not only on future hazard intensity, but also on whether governance, planning, maintenance, 

funding and local implementation capacity improve over time (Table 2-14). 

Table 2-14 Current and expected impacts emerging from the interviews. 

Domain Current impacts mentioned Expected future evolution 

Agriculture Production decline in dryland farming; crop 

calendar shifts; hail/frost exposure; pressure 

on agricultural insurance; rising costs and 

loss of profitability. 

Greater instability for dryland woody crops, 

cereals, vineyards, almond, olive and 

extensive livestock; abandonment and 

erosion risks. 

Tourism No clear immediate drop in summer demand, 

but increasing need for diversification, 

deseasonalisation and adaptation of 

destinations. 

Spatial and temporal reconfiguration of 

demand; increased costs for 

accommodation and coastal infrastructure; 

sustainability pressure. 
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Social services Heat vulnerability in care homes, 

occupational centres, social centres and 

public facilities; air-conditioning failures as 

operational risk. 

Greater exposure of dependent populations; 

need for climate-proofing, redundancy and 

maintenance of public buildings. 

Territory and 

planning 

Flood-prone areas, exposed uses, conflicts 

between planning and land occupation, 

coastal erosion and delayed guidelines. 

Accumulated exposure may increase 

damage even where hazard frequency is 

uncertain; need for stricter preventive 

planning. 

Emergency and 

warning systems 

Need for proximity meteorological data and 

rapid communication for torrential rainfall 

and ephemeral streams. 

Dense real-time monitoring may become a 

critical component of preparedness for 

flash-flood events. 

Municipal action Difficulty translating climate awareness into 

citizen participation, project design and 

funding execution. 

Municipal adaptation will depend on 

administrative capacity, stable funding and 

usable climate-risk outputs. 

Preparedness, response capacity and governance barriers 

Preparedness is uneven. The interviews identify relevant capacities, including historical experience 

with floods, meteorological and agroclimatic networks, SAIH/CHS, SIAM, local weather stations, 

scientific knowledge, strategic plans, European funds and specialised technical teams. However, the 

same interviews repeatedly show that these capacities do not automatically translate into 

implementation. 

The most recurrent constraints are institutional fragmentation, shortage of technical staff, complex 

public procurement and aid procedures, dependence on temporary funding, slow administrative 

processing, low citizen participation, weak translation of diagnosis into executable projects and 

mismatch between the speed of climate impacts and the speed of administrative response. This is 

a central result for the CLIMAAX Key Risk Assessment because resilience capacity depends not only 

on knowing where risks are located, but also on whether institutions can act in time. 

Quantitative content analysis of the interviews 

A quantitative content analysis was carried out to support the qualitative interpretation. Each 

interview was coded according to the main risk categories and cross-cutting issues identified in the 

interview guide and in the objectives of Phase 2. The scale used was: 0 = not mentioned; 1 = 

mentioned as a secondary issue; 2 = mentioned as a relevant issue; 3 = mentioned as a main priority. 

The resulting figures are exploratory and should be read as structured qualitative evidence rather 

than as statistical inference. The complete coding tables underlying Figures 25-1 to 29-1 are 

included in Annex-REGMURCIA_CLIMAAX-Quantitative coding matrices. This annex should be used 

to understand how the visual outputs were derived from the interview coding and to ensure 

transparency of the qualitative scoring process. 



 

64 

  

Deliverable Phase 2 

 

Figure 2-23 Heatmap of risks and cross-cutting themes by interviewed stakeholder. Source: REGMURCIA CLIMAAX interview 
coding. 

Figure 2-23 provides a comparative reading of how the main climate risks and cross-cutting themes 

emerged across the eight stakeholder interviews. The heatmap should be interpreted as a qualitative 

coding tool rather than as a statistical measurement: scores reflect the salience of each topic in 

each interview, from absence or marginal mention to clear identification as a main priority. Its value 

lies in showing how different institutional and sectoral positions shape the perception of climate 

risk in the Region of Murcia. The figure confirms a clear sectoral differentiation. Drought and water 

scarcity are most strongly emphasised by agrarian and agroclimatic stakeholders, particularly DG 

Food Industry and Agrarian Associations, FECOAM and IMIDA. This reflects the central role of 

drought in agricultural production, dryland farming, crop yields, insurance, profitability and territorial 

viability. However, drought is not limited to the agricultural interviews; it also appears, with lower 

intensity, in other stakeholder perspectives, indicating its broader relevance for the regional risk 

profile. 

River flooding and flooding associated with ephemeral streams show a more transversal pattern. 

They receive high scores from AMETSE, Murcia Local Energy Agency, DG IMAS and DG Spatial 

Planning and Architecture, and are also present in agricultural and tourism-related interviews. This 

suggests that flooding is perceived not only as a hydrological hazard, but also as a territorial, 

planning, warning and emergency-management issue. The strong salience of this risk among 

meteorological, municipal, social and spatial-planning actors points to the importance of short 

response times, local rainfall monitoring, exposed facilities, land-use regulation and accumulated 

exposure in flood-prone areas. 
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Heatwaves appear as one of the most consistently relevant risks across stakeholder groups. They 

are strongly highlighted by ITREM, AMETSE, DG IMAS and IMIDA, and remain relevant in the 

remaining interviews. This confirms the multi-sectoral nature of extreme heat in the Region of 

Murcia. Heat is associated not only with public health, but also with social-care facilities, public 

buildings, outdoor work, tourism, agriculture, energy demand and urban liveability. The interviews 

therefore support the treatment of heatwaves as a social, functional and territorial risk, rather than 

as a purely meteorological variable. 

By contrast, coastal flooding and erosion and hail/frost appear as more sector-specific risks. 

Coastal flooding and erosion are especially relevant for ITREM and DG Spatial Planning and 

Architecture, reflecting their importance for tourism, coastal land use, shoreline management and 

the Mar Menor. Hail and frost are mainly emphasised by agrarian and agroclimatic actors, 

particularly DG Food Industry and Agrarian Associations and IMIDA, showing that these hazards are 

important complementary risks for agricultural damage, insurance and crop adaptation, even if they 

are not part of the main hazard triad initially selected for the regional assessment. 

A particularly important result is the high salience of governance across almost all interviews. This 

indicates that stakeholders do not perceive climate adaptation as a challenge that can be solved 

only through better hazard data or more accurate modelling. Coordination between administrations, 

regulatory clarity, funding mechanisms, staffing capacity, long-term planning and the ability to 

translate evidence into executable measures are repeatedly identified as decisive conditions for 

adaptation. In CLIMAAX terms, this finding is especially relevant for the assessment of resilience 

capacity: the level of risk depends not only on the severity of hazards and exposure, but also on the 

institutional capacity to anticipate, coordinate, implement and maintain adaptation actions. 

 

Figure 2-24 Most frequently reported adaptation barriers in the interviews. Source: REGMURCIA CLIMAAX interview coding. 

Figure 2-24 shows that the main barriers identified in the interviews are not primarily related to a 

lack of awareness of climate risks, but to the institutional and operational conditions required to 
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implement adaptation. The highest-scoring barrier is institutional coordination, which appears as a 

cross-cutting difficulty across several sectors and administrative levels. Stakeholders repeatedly 

indicate that climate adaptation requires the combined action of regional departments, 

municipalities, sectoral agencies, water authorities, planning bodies, emergency services, social 

services and economic sectors. However, these actors often operate through separate procedures, 

planning instruments and funding channels. This creates fragmentation and makes it difficult to 

transform climate-risk knowledge into coherent, coordinated and sustained action. 

The second major barrier is administrative slowness and bureaucracy. Interviewees do not suggest 

that technical knowledge is completely absent; rather, they stress that implementation is often 

delayed by complex procedures, procurement requirements, regulatory uncertainty, limited staff 

capacity and the difficulty of converting diagnosis into executable projects. This is particularly 

relevant for measures that require infrastructure works, maintenance of public facilities, adaptation 

of vulnerable centres, territorial planning updates or the management of European funding. In this 

sense, the figure shows a clear gap between knowing what needs to be done and being able to 

implement it within the required timeframe. 

Insufficient funding also appears as a major constraint. Adaptation measures often require stable 

and long-term investment, while available resources may depend on temporary programmes, 

competitive calls or short funding windows. This is especially problematic for local authorities, 

social facilities, agricultural adaptation, early-warning systems, data integration and the 

maintenance or upgrading of exposed infrastructure. The relevance of funding as a barrier suggests 

that adaptation cannot be treated only as a technical planning exercise; it also requires financial 

continuity and the capacity to connect risk assessment outputs with investment pipelines. 

The figure also highlights the importance of regulatory and competence conflicts and short-term 

political cycles. These barriers show that adaptation is conditioned by the distribution of 

responsibilities between institutions and by the time horizon of public decision-making. Climate 

risks evolve over decades, but many administrative and political decisions are organised around 

shorter cycles. This can delay preventive measures, weaken continuity between plans and reduce 

the implementation of actions that may be technically necessary but politically or socially difficult. 

In territorial planning, flood-prone areas, coastal management, water use, agricultural support and 

urban adaptation, these conflicts may become decisive. 

Other barriers, such as high-resolution data and interoperability, lack of technical staff, low citizen 

participation and obsolescence of infrastructure or equipment, appear with lower scores but remain 

important. They indicate that resilience capacity depends on a combination of information, human 

resources, public engagement and maintenance. Better climate data are useful only if they can be 

integrated across institutions and translated into operational decisions. Similarly, citizen 

participation is necessary to increase the social acceptance of adaptation measures, especially 

where changes in land use, water demand, mobility, building adaptation or coastal management may 

be required. 

Overall, Figure 2-24 is highly relevant for the CLIMAAX assessment because it links stakeholder 

evidence with the resilience-capacity dimension of climate risk. The interviews suggest that the 

Region of Murcia does not face adaptation challenges only because hazards are becoming more 
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severe, but also because governance, funding, administrative procedures and implementation 

capacity may limit the effectiveness of the response. This finding should therefore be considered 

when interpreting risk priority: a hazard may require urgent action not only because exposure or 

severity is high, but also because the current institutional capacity to manage it remains insufficient. 

 

Figure 2-25 Preliminary ranking of adaptation measures emerging from the interviews. Source: REGMURCIA CLIMAAX 
interview coding. 

The ranking of adaptation measures indicates that stakeholders give particular importance to 

actions that strengthen governance, information systems and implementation capacity. The highest 

priorities are stable inter-administrative coordination, data integration, municipal dashboards or 

factsheets, strict spatial planning in flood-prone areas, and improved weather-station and early-

warning networks. This suggests that adaptation in the Region of Murcia should not be understood 

only as a set of physical interventions, but also as an institutional process that requires better 

coordination, shared information and operational tools for decision-making. 

The results also show that sector-specific measures remain important. Support for dryland farming 

and generational renewal, agricultural insurance, climate-proofing of vulnerable care facilities, 

integrated coastal and Mar Menor management, urban greening, shade and cooling shelters, and 

tourism deseasonalisation all appear as relevant adaptation pathways. Overall, the figure points to 

a balanced adaptation agenda combining governance reform, technical information, territorial 

planning, social protection, agricultural resilience and sectoral diversification (Figure 2-25). 
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Figure 2-26 Qualitative risk validation by severity, urgency and response capacity. Source: REGMURCIA CLIMAAX interview 
coding. 

Figure 2-26 is particularly relevant because it does not only identify which risks are perceived as 

important; it also compares perceived severity, urgency and response capacity. This makes it 

directly useful for the CLIMAAX Key Risk Assessment logic, where priority depends not only on the 

magnitude of the risk, but also on how immediate it is and whether existing institutions, sectors and 

territories are able to respond effectively. 

The most important pattern is the gap between high severity and urgency on the one hand, and only 

moderate response capacity on the other. Agricultural drought and dryland viability, torrential rainfall 

and rapid flooding, extreme heat and social/urban vulnerability, and governance deficit all receive 

very high scores for severity and urgency. However, response capacity remains clearly lower. This 

indicates that stakeholders perceive these risks as already pressing, but also as insufficiently 

addressed by current institutional, financial, technical or operational arrangements. 

For agricultural drought and dryland viability, the gap reflects the structural nature of the problem. 

Stakeholders describe drought not simply as a temporary lack of rainfall, but as a long-term risk 

affecting production, crop profitability, insurance, dryland farming, livestock, abandonment and 

erosion. The low-to-moderate response capacity suggests that existing tools may be insufficient to 

prevent progressive territorial degradation unless they are supported by stable policies, specific 

support for dryland systems, improved insurance schemes, crop adaptation, water-demand 

management and long-term rural planning. 

For torrential rainfall and rapid flooding, the high severity and urgency scores point to the 

combination of intense rainfall, ephemeral streams, short warning times and accumulated exposure 

in flood-prone areas. The response-capacity gap is especially important here because flood risk 

depends not only on hazard intensity, but also on spatial planning, maintenance, early-warning 

systems, emergency protocols and the capacity to prevent new exposure. Stakeholders therefore 

frame flooding as a governance and territorial-planning challenge, not only as a hydrological one. 
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Extreme heat also shows high severity and urgency, with a moderate response capacity. This 

confirms the need to treat heatwaves as a social, urban and functional risk. The interviews link heat 

to vulnerable populations, care homes, public buildings, outdoor workers, schools, tourism, 

agriculture and urban liveability. The lower response-capacity score suggests that adaptation 

requires more than general warning systems: it requires climate-proofing of public facilities, shaded 

and cooled urban spaces, protocols for vulnerable groups, labour protection, building adaptation and 

better integration between health, social services, urban planning and energy policy. 

The governance deficit itself is also scored as highly severe and urgent. This is a key finding. It 

means that stakeholders do not see governance merely as a background condition, but as a risk 

amplifier. Fragmented responsibilities, administrative slowness, short-term political cycles, lack of 

staff, weak coordination and unstable funding can increase climate risk by delaying or weakening 

adaptation. In this sense, governance capacity becomes part of resilience capacity: even where data 

and technical knowledge are available, risk remains high if institutions cannot coordinate, finance 

and implement measures in time. 

Coastal erosion/flooding and tourism pressure, and hail/frost and other agroclimatic events, show 

a slightly different pattern. Their severity and urgency are still relevant, but they appear more sector-

specific in the current interview sample. Coastal risk is especially linked to tourism, shoreline 

management, the Mar Menor and spatial planning, while hail and frost are particularly important for 

agricultural damage, insurance and crop adaptation. These risks should not be excluded from the 

assessment, but their interpretation should be linked to the sectors and territories where they are 

most critical. 

Overall, the figure supports one of the main conclusions of the stakeholder consultation: the 

transition from risk assessment to adaptation planning should focus strongly on implementation 

capacity. The most urgent risks are not necessarily those for which the region has the strongest 

response mechanisms. For this reason, the final prioritisation of risks in REGMURCIA CLIMAAX 

should consider not only exposure and hazard intensity, but also institutional readiness, operational 

capacity, funding continuity, territorial planning instruments and the ability to protect vulnerable 

groups. This evidence will be especially useful when the interview findings are later compared with 

the modelled workflow results. 
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Figure 2-27 Thematic coverage of interviews and remaining gaps. Source: REGMURCIA CLIMAAX interview coding. 

Figure 2-27 is useful for interpreting the scope and limitations of the interview evidence. The 

strongest coverage is found in agriculture/drought, spatial planning/flooding and meteorology/early 

warning. This is consistent with the composition of the interview sample and means that the 

qualitative evidence is particularly robust for understanding drought impacts on agriculture, 

territorial exposure to flooding, and the role of local meteorological information in preparedness. 

The figure also shows medium coverage for social vulnerability/heat and tourism/coast. These 

areas are sufficiently represented to provide relevant insights, especially regarding care facilities, 

public buildings, vulnerable populations, tourism diversification and coastal pressure, but they may 

require further validation in later stages. 

Lower coverage appears for water and river-basin management, public health, emergency 

management/civil protection, critical infrastructure/energy and environmental civil society. These 

should not be interpreted as irrelevant topics; rather, they indicate areas where the current interview 

sample provides less direct evidence. This is important for the D2 because it helps define the limits 

of the qualitative analysis and identifies priorities for future stakeholder engagement, especially 

when the modelled workflow results are available and additional validation is required (Figure 2-27). 

Recurring ideas, measures and issues requiring explicit mention 

Beyond the interview-by-interview synthesis and the coded figures, several ideas, measures and 

concerns appear repeatedly across interviews. They should be explicitly mentioned because they 

connect stakeholder knowledge with the practical use of CLIMAAX results and with the future design 

of adaptation measures (Table 2-15). 

 

 

0,0 0,5 1,0 1,5 2,0 2,5 3,0

Water / river basin

Public health

Emergency management / civil protection

Environmental civil society

Critical infrastructure / energy

Tourism / coast

Social vulnerability / heat

Agriculture / drought

Spatial planning / flooding

Meteorology / early warning

Score / count



 

71 

  

Deliverable Phase 2 

 

Table 2-15 Recurrent ideas, measures and issues emerging across the interviews. 

Recurring idea / measure Mentions Interpretation 

Integrated and stable inter-

administrative coordination 

8 Almost all interviews frame adaptation as dependent on coordination 

across regional, local, basin, sectoral and technical bodies. 

Administrative capacity and 

implementation gap 

8 Stakeholders repeatedly stress that knowledge exists, but projects are 

slowed by procedures, procurement, staffing and political cycles. 

Data integration, dashboards and 

usable local outputs 

6 Several actors request operational maps, factsheets, dashboards or 

interoperable datasets that can be used in planning and management. 

Early warning and proximity 

meteorological networks 

5 Local rain, heat and agroclimatic monitoring is seen as decisive for rapid 

events and agricultural decision-making. 

Strict spatial planning in flood-prone 

areas 

5 Flood adaptation is repeatedly linked to land occupation, planning rules, 

use restrictions and prevention of future exposure. 

Dryland farming as a territorial, not 

only productive, issue 

4 Dryland agriculture is connected to income, abandonment, erosion, 

landscape, insurance, livestock and generational renewal. 

Climate-proofing vulnerable social 

and public facilities 

3 Heat risk is translated into concrete needs in care homes, schools, social 

centres and public buildings. 

Agricultural insurance and economic 

stability 

3 Insurance affordability and coverage appear as stabilising tools for 

drought, hail, frost and production shocks. 

Urban cooling, shade and green 

infrastructure 

3 Heat adaptation is linked to trees, shade, cooling shelters, buildings, 

thermal comfort and outdoor work. 

Tourism deseasonalisation and 

territorial diversification 

2 Tourism risk is not expressed as immediate collapse, but as a need to 

diversify products, seasons and destinations. 

Integrated coastal and Mar Menor 

management 

2 Coastal risk appears as a governance and planning challenge where 

tourism, coastline, ecosystems and development intersect. 

The most important repeated message is that adaptation requires stable coordination mechanisms. 

This theme appears as a precondition for the usefulness of all other measures: flood planning, water 

management, agricultural adaptation, social vulnerability protection, coastal management, 

municipal implementation and the use of climate-risk information. 

A second repeated idea is the implementation gap. Stakeholders do not generally argue that the 

Region lacks all knowledge or all technical capacity. Instead, they identify slow procedures, 

insufficient staff, fragmented competences, funding constraints and short political cycles as the 

main obstacles to action. This distinction is crucial for Phase 3 because adaptation measures must 

be designed with realistic institutional pathways. 

A third group of repeated issues concerns the need to make climate information operational. 

Stakeholders value detailed maps, municipal factsheets, dashboards, viewers, downloadable data 

and usable indicators. CLIMAAX outputs will be more useful if they are translated into planning 

instruments, investment criteria, maintenance priorities and practical information for municipalities 

and sectors. 

Finally, the interviews repeatedly connect risk with social and territorial vulnerability: dryland farming 

is linked to abandonment and generational renewal; heatwaves are linked to care facilities and public 

buildings; flood risk is linked to planning and accumulated exposure; and coastal risk is linked to 
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tourism, territorial pressure and the Mar Menor. These connections should be preserved in the 

because they prevent an overly narrow interpretation of hazards as purely physical phenomena. 

Integration into the CLIMAAX workflows 

This section provides a preliminary thematic alignment between the interview evidence and the 

analytical workflows selected for REGMURCIA CLIMAAX. It should not be interpreted as a final 

validation of the modelled workflow outputs, since the full regionalized results will be assessed 

separately. Rather, the table identifies how stakeholder knowledge can support the interpretation of 

each workflow by adding sectoral, territorial, institutional and functional dimensions that are not 

always fully captured by hazard indicators alone (Table 2-16). 

For the drought workflow, the interviews show that drought risk should be interpreted beyond 

average yield losses or generic water-deficit indicators. Stakeholders repeatedly link drought to 

productive dryland systems, crop losses, phenological changes, agricultural insurance, 

abandonment, erosion, generational renewal and extensive livestock. This broadens the 

interpretation of drought as a socioeconomic and territorial risk, especially in areas where irrigation 

is limited or adaptive margins are lower. 

For the flood workflow, the interviews stress the importance of connecting flood-risk mapping with 

territorial planning, municipal responsibilities, ephemeral streams, small catchments, early-warning 

capacity and the functional vulnerability of exposed assets. Stakeholders indicate that flood 

exposure should not be read only through inundation footprints, but also through land use, building 

characteristics, warning time, critical infrastructure, public facilities and the capacity to prevent new 

exposure. 

For the heatwave workflow, the interviews reinforce the need to include social and functional 

vulnerability. Extreme heat is linked to care homes, occupational centres, schools, public buildings, 

air-conditioning systems, older people, people with disabilities, outdoor workers, tropical nights, 

urban heat islands, shade, tree cover and energy poverty. This suggests that heat risk should be 

interpreted as a social, infrastructural and institutional risk, not only as a temperature anomaly. 

Finally, the coastal and tourism risk evidence points to erosion, summer pressure, second homes, 

accommodation adaptation, deseasonalisation, territorial diversification, blue tourism and Mar 

Menor-related issues. Although this evidence is less extensive than for agriculture, flooding or heat, 

it confirms that coastal risk remains relevant for the regional climate-risk system, particularly where 

tourism development, coastal protection and territorial sustainability interact. 

Table 2-16 Integration of interview evidence into the CLIMAAX analytical workflows. 

Workflow / risk area Stakeholder contribution to interpretation 

Drought workflow The interviews confirm that drought risk extends beyond average yield losses. 

Stakeholders refer to productive dryland systems, crop losses, yield decline, phenological 

changes, insurance, abandonment, erosion, generational renewal and extensive livestock 

dependent on straw and fodder. Drought is therefore a socioeconomic and territorial risk, 

not only a water-deficit indicator. 
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Flood workflow Interview evidence links flood-risk mapping with SNCZI/CHS, municipal planning, coastal 

and territorial guidelines, ephemeral streams and small catchments, Campo de Cartagena 

and Los Alcazares, metropolitan Murcia, building floor level, functional vulnerability, 

critical infrastructure and early-warning networks. Flood exposure should be interpreted 

by use, floor level, warning time and service criticality, not only by inundation footprint. 

Heatwave workflow The interviews reinforce the need to integrate social and functional variables: care homes, 

occupational centres, schools, condition and redundancy of air-conditioning systems, 

older people, people with disabilities, outdoor workers, tropical nights, urban heat islands, 

shade, tree cover, public buildings and energy poverty. Heatwaves are therefore a social, 

infrastructural and institutional risk. 

Coastal and tourism 

risk 

The coastal and tourism evidence includes erosion, summer pressure, second homes, 

blue tourism, adaptation of accommodation, deseasonalisation, territorial diversification, 

Mar Menor-related issues and compatibility between tourism development and territorial 

protection. The evidence is less extensive than for agriculture or river flooding, but it 

identifies coastal risk as a relevant component of the regional climate-risk system. 

Preliminary implications for risk prioritisation 

This table presents a preliminary stakeholder-based prioritisation derived from the interview 

evidence. It should be understood as a qualitative validation layer, not as the final prioritisation of 

the Climate Risk Assessment. Its purpose is to show which risks appear most consistently and most 

strongly across the interviews, and how stakeholders justify their relevance from sectoral, territorial 

and institutional perspectives. 

The three risks classified as very high are agricultural drought and dryland viability, torrential rainfall 

and rapid flooding, and extreme heat with social and urban vulnerability. This confirms that the 

interview evidence broadly supports the main hazard areas selected in REGMURCIA CLIMAAX, while 

also refining their interpretation. Drought is framed as a structural agricultural and territorial risk, 

linked to production losses, income, insurance, abandonment, erosion and extensive livestock. 

Flooding is interpreted as a rapid-onset territorial and governance risk, shaped by torrential rainfall, 

ephemeral streams, exposed areas, planning decisions and warning capacity. Heat is presented as 

a multi-sectoral risk affecting health, buildings, work, tourism, agriculture and vulnerable groups. 

The table also identifies two risks that require specific attention. Coastal erosion, coastal flooding 

and tourism pressure are classified as high, because they appear less widely across the interviews 

but are highly relevant for tourism, coastal planning, the Mar Menor and exposed coastal areas. Hail, 

frost and other agroclimatic events are classified as high-sectoral, as they are especially important 

for agriculture and insurance, even though they are not part of the main hazard triad. Finally, 

governance deficit and implementation capacity are included as a cross-cutting priority, because 

they influence whether adaptation measures can move from diagnosis to action. This is particularly 

important for CLIMAAX, since governance and response capacity may increase or reduce actual risk 

even where hazard exposure is similar. 

Overall, the prioritisation helps translate the interview findings into inputs for the later risk 

assessment stage. It indicates where stakeholder concern is strongest, which risks may require 

additional interpretation beyond modelled outputs, and which institutional or implementation 

factors should be considered when assessing severity, urgency and resilience capacity. final risk 

prioritisation should still be completed once the regionalized modelling results are available and 

compared with the survey and interview evidence (Table 2-17). 
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Table 2-17 Preliminary risk prioritisation derived from the interview evidence. 

Qualitative 

priority 

Risk Justification from interviews 

Very high Agricultural drought and dryland 

viability 

Reinforced by DG Food Industry, FECOAM and IMIDA; affects 

production, income, insurance, abandonment, erosion and 

livestock. 

Very high Torrential rainfall and rapid flooding Reinforced by AMETSE, Spatial Planning, IMAS, Local Agency and 

ITREM; strong exposure and governance component. 

Very high Extreme heat and social / urban 

vulnerability 

Reinforced by AMETSE, IMAS, IMIDA, ITREM and Local Agency; 

affects health, buildings, work, tourism and crops. 

High Coastal risk: erosion, coastal flooding 

and tourism pressure 

Appears in ITREM and Spatial Planning; relevant for tourism, 

coastline, Mar Menor and coastal planning. 

High-sectoral Hail, frost and agroclimatic events 

outside usual patterns 

Highly relevant for agriculture and insurance; complements the 

main hazard triad. 

Cross-cutting Governance deficit and implementation 

capacity 

Appears in almost all interviews; determines whether measures 

move from diagnosis to action. 

2.2 Risk Exploration 

Risk exploration is the broad screening of hazards, exposures and vulnerabilities that are most 

relevant to stakeholders and to the wider public. For REGMURCIA, this screening was first carried 

out in Phase 1, where the four climate hazards considered most relevant to the CARM – river 

flooding, coastal flooding, agricultural drought, and heatwaves – were identified and justified, and a 

future scenario approach was chosen. This section revisits both steps and reports what has, and 

has not, changed during Phase 2. Consistent with the decision to deepen the hazards for which 

suitable regional, national or local data were available, the hazard screening itself is unchanged from 

D1; what has changed is the depth of evidence behind the hazards, detailed in Section 2.3. 

2.2.1 Screen risks (selection of main hazards) 

Changes from Phase 1. River flooding, coastal flooding, agricultural drought and heatwaves remain 

the four hazards judged most relevant for the CARM, for the reasons set out in Phase 1 – high 

historical impact, increasing exposure from urbanisation, tourism and agricultural pressure, and the 

strategic importance of the affected sectors. Phase 2 modifies the depth and quality of evidence 

behind these hazards. Agricultural drought, river flooding and coastal flooding are substantially 

deepened using higher-resolution regional, national or local data. Agricultural drought is updated 

through a revised workflow based on regional crop, production, surface and rainfed-exposure data, 

resulting in a more coherent assessment of expected losses for rainfed agriculture (Section 2.3.1). 

River flooding is deepened through a comparative analysis of European and Spanish national hazard 

and exposure datasets, while coastal flooding is deepened through a dedicated high-resolution sea-

level-rise and damage model (Section 2.3.2). Heatwave risk is not quantitatively re-run in this phase 

because the Phase 1 workflow did not show the same level of inconsistency detected for flood and 
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drought, but its risk interpretation is strengthened through stakeholder evidence (Sections 2.3.3 and 

2.4.7). 

Climate hazards relevant for the CARM. Table 2-18 lists the four hazards prioritised in Phase 1, the 

rationale recorded there, and the status of the evidence base for each in Phase 2. Note that wildfires 

are interconnected with drought and heat (D1 notes amplification) but not separately assessed 

Table 2-18 Climate hazards relevant for the CARM: Phase 1 rationale and Phase 2 status 

Hazard Rationale (Phase 1) Phase 2 update Selected for 

CRA 

River flooding High historical impact; Segura basin 

flash floods; urban exposure in the 

Murcia metropolitan area, Lorca and 

Campo de Cartagena 

Deepened – JRC vs CNIG hazard-map 

comparison (Section 2.3.2) 

Yes 

Coastal flooding Acute exposure along the 274 km 

littoral; 32% of the regional 

population; tourism and petro-

industrial assets 

Deepened – new bathtub-with-

hydraulic-connectivity hazard modelling 

on the 5 m IGN/PNOA MDT05 DEM, run 

continuously across the 0-100 cm SLR 

range, with a validated vulnerability 

function and municipality-level damage 

estimates  

Yes 

Agricultural drought 46% of cultivated land irrigated; 

Segura basin aquifer 

overexploitation 

New FAO-56 crop-water-demand 

parameterisation, ESAM 

production/price records and a 

SIGPAC/CREM spatial exposure layer 

Yes 

Heatwave Urban heat island; elderly, outdoor-

worker and low-income exposure 

No comparable quantitative re-run; 

Phase 1 outputs retained because no 

major inconsistency comparable to the 

flood and drought workflows was 

identified, and interpreted with 

stakeholder evidence. 

Yes 

 

Current situation. The current-situation evidence gathered in Phase 1 for all four hazards – including 

the 2019 DANA (7 fatalities, €1.3 billion in damages), Segura basin flash-flood hotspots, the Mar 

Menor coastal-tourism exposure, agricultural drought impacts on irrigated crops, and the urban heat 

island in Murcia and Cartagena – is recapped in Section 2.1.2 and is not repeated here. What is new 

in Phase 2 is a quantified, source-by-source estimate economic damage, presented in Section 2.3.2. 

Hazards selected for Phase 2 deepening. Per the decision to work only with the data already 

available for this deliverable, river and coastal flood economic risk received a full quantitative 

deepening culminating in revised loss estimates (Section 2.3.2). Agricultural drought received an 

updated quantitative workflow based on crop-specific parameters, regional production and price 

records, official crop-surface data and spatially explicit rainfed agricultural exposure, producing a 

more coherent expected-loss assessment for rainfed agriculture (Section 2.3.1). Heatwave risk 

retains the Phase 1 quantitative findings (Section 2.3.3), because this workflow did not show the 

same level of inconsistency identified for flood and drought. Phase 2 nevertheless strengthens its 

interpretation through stakeholder evidence, while further local quantitative refinement remains an 

objective for a future phase. 

Data availability. Table 2-19 contrasts the data used in D1 with the new data integrated in Phase 2 

and the gaps that remain, by hazard. 
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Table 2-19 Data used in D1 and new data integrated in Phase 2, by hazard 

Hazard Data used in D1 (Phase 

1) 

New data integrated in Phase 2 Remaining gaps 

River & coastal 

floods 

JRC European flood 

hazard maps 

(10/100/500-yr return 

periods); LUISA land use; 

GTSMv3.0 coastal water 

levels; SNCZI national 

flood mapping (used for 

comparison) 

River floods: CNIG national flood 

hazard maps; SIOSE national land use; 

Huizinga et al. (2017) depth-damage 

curves via the DamageScanner library; 

harmonisation to 50 m, clipped to the 

CARM boundary. Coastal floods: 

custom bathtub-with-hydraulic-

connectivity model (University of 

Murcia) on the 5 m IGN/PNOA MDT05 

DEM, run continuously across the 0–

100 cm SLR range; hyperbolic-tangent 

vulnerability function validated against 

the September 2019 Los Alcázares 

flood; municipality-level damage 

estimates for all eight affected coastal 

municipalities 

River floods: no new hydraulic 

modelling (CNIG/SNCZI maps 

used as-is); depth-damage 

curves remain international 

(Huizinga et al.), not locally 

calibrated; no validated post-

event high-water-mark survey. 

Coastal floods: the new 

bathtub model and validated 

vulnerability function close the 

modelling and calibration gaps 

identified for Phase 1, but D1 

reports no coastal euro-

damage baseline for 

benchmarking 

Agricultural drought CORDEX regional climate 

models; MapSPAM/FAO-

IIASA GAEZ crop 

exposure; GAEZ irrigation 

distribution 

FAO-56 dual crop-coefficient 

parameters (Kc, Ky, growth-stage 

lengths) for seven dryland crops, 

replacing Phase 1’s single Doorenbos-

Kassam Kᵢ factor (three crops); ESAM 

crop production/price records (2012–

2024) and SIGPAC 2026/CREM-

ECONET spatial distribution, replacing 

Phase 1’s global MapSPAM/GAEZ 

exposure layer 

Remaining gaps include local 

calibration of crop-specific 

vulnerability parameters, 

validation against observed 

drought-loss events, 

incorporation of additional or 

updated regional climate 

projections in future iterations, 

extension to irrigated crops and 

indirect economic impacts, and 

further stakeholder validation 

of the resulting loss estimates. 

Heatwave AEMET temperature 

records; 2020 population-

density rasters (75–79, 

≥80 age bands); 

stationary age-structure 

assumption 

No comparable quantitative re-run; 

Phase 1 outputs retained and 

interpreted with stakeholder evidence. 

Further local validation of 

social and demographic 

vulnerability, integration of 

updated demographic 

projections, urban heat-island 

evidence, public-health data 

and facility-level exposure 

information. 

 

Net effect on the screening step. Phase 2 does not revisit the prioritisation criteria applied in Phase 

1; it sharpens the evidentiary basis for three of the four hazards already selected — agricultural 

drought, river flooding and coastal flooding — while retaining the Phase 1 quantitative baseline for 

heatwaves and strengthening its interpretation through stakeholder evidence. The implications of 

comparing JRC against CNIG (and LUISA against SIOSE) for river and coastal flood damage 

estimates – including the magnitude of the resulting discrepancy with Phase 1’s own figures – are 

analysed in Section 2.3.2. For agricultural drought, the new FAO-56 vulnerability parameters and 

ESAM/SIGPAC-CREM exposure data sharpen the evidentiary basis for the vulnerability and exposure 

layers. 

2.2.2 Choose Scenario 

Changes from Phase 1. The scenario framework defined in Phase 1 is unchanged in Phase 2: 

scenarios combine a future climate condition with a future socio-economic condition over a defined 

time horizon, hazard by hazard. Phase 2 does not introduce new climate scenarios. For river floods, 
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the deepening reported in Section 2.3.2 re-estimates damage under the same baseline conditions 

used in D1, now also drawing on Spanish national (CNIG/SIOSE) data, so that scenario assumptions 

are held constant and the comparison isolates the effect of the hazard- and exposure-data source. 

For coastal floods, Phase 2 replaces Phase 1's discrete return-period approach with a continuous 

sea-level-rise model swept from 0 to 100 cm, annotated with the same RCP4.5/RCP8.5 2050/2100 

markers used in D1 rather than new scenarios; this is a change in hazard-modelling resolution, not 

in the underlying climate scenario framework. 

Future climate conditions. As established in Phase 1, REGMURCIA uses hazard-specific RCP 

scenarios: agricultural drought is assessed under RCP2.6 and RCP8.5 using CORDEX regional 

climate models; river and coastal floods use RCP4.5 and RCP8.5; heatwaves use RCP4.5 and 

RCP8.5. Phase 1 derived coastal water levels from GTSMv3.0; Phase 2 replaces this with a 

continuous sea-level-rise sweep (Section 2.3.2), retaining the same RCP4.5/RCP8.5 2050/2100 

markers for comparability. The RCP scenario framework itself is unchanged in Phase 2. The river 

flood deepening in Section 2.3.2 is a comparison of hazard and exposure data sources under the 

same baseline conditions, not a re-run under new climate scenarios; the coastal flood deepening 

additionally introduces a new continuous hazard-modelling approach, described in Section 2.3.2. 

Future socio-economic developments. Phase 1 combined these climate scenarios with the socio-

economic exposure layers available at the time: LUISA land use for floods, and GAEZ/MapSPAM 

crop and irrigation distributions for drought. For heatwave vulnerability, Phase 1 used 2020 

population-density rasters by age band held stationary across the projection horizons – a 

simplification D1 itself flagged as a limitation, pending INE/Eurostat demographic projections. This 

assumption is unchanged in Phase 2; the new flood damage estimates in Section 2.3.2 likewise use 

a single exposure snapshot (LUISA or, newly, SIOSE) rather than a projected future land-use 

scenario. 

Combination approach. Each hazard combines its climate condition and exposure layer at a given 

time horizon to produce an impact estimate – for example, flood extent × land use × a depth-damage 

function for floods. This combination logic is unchanged in Phase 2. What is new is that, for floods, 

the same logic is now run with four data permutations – JRC or CNIG hazard maps, paired with 

LUISA or SIOSE land use – so that the resulting damage estimates can be compared directly (Section 

2.3.2). 

Time horizons. Phase 1 used near-future (2031–2050/2031–2060) and far-future (2071–2100) 

horizons for drought; a 2018 baseline plus a 2050 projection for coastal flooding; and near- and far-

future horizons referenced to a 1986–2015 baseline (far future approximately 2066–2095) for 

heatwaves. The river flood hazard maps (JRC and CNIG) represent current/baseline conditions 

rather than a projected future horizon. These time horizons are unchanged in Phase 2; the Section 

2.3.2 comparison is a baseline-period comparison of data sources, not a comparison across time 

horizons. 

2.3 Regionalized Risk Analysis 

Fine-tuning approach. For agricultural drought (Workflow #1, Section 2.3.1), Phase 2 updates the 

workflow by replacing Phase 1’s generic vulnerability and exposure inputs with regional crop-

specific parameters, official production and price records, official crop-surface data and a spatially 

explicit rainfed exposure layer derived from SIGPAC and CREM/ECONET. This allows the 

assessment to produce revised and more coherent expected-loss estimates for rainfed agriculture, 
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overcoming several of the inconsistencies identified in Phase 1. For river and coastal floods 

(Workflow #2, Section 2.3.2), a dedicated Phase 2 analysis, completed at the University of Murcia 

(UMU), independently re-computed flood hazard extent and economic damage for the CARM using 

both the European sources applied in Phase 1 (JRC hazard maps, LUISA land use) and Spain’s 

official national sources (CNIG flood hazard maps, SIOSE land use), providing a like-for-like 

comparison of the CLIMAAX Toolbox’s European default pipeline against high-resolution national 

data for the same hazard, region and return periods; this is the basis for the fine-tuning presented in 

Section 2.3.2. Heatwaves (Workflow #3, Section 2.3.3) are retained from Phase 1 as the quantitative 

baseline because this workflow did not show the same level of internal inconsistency or data-source 

divergence identified for flood and drought. Phase 2 therefore does not perform a comparable 

quantitative re-run, but strengthens the interpretation of heatwave risk through stakeholder 

evidence; further local quantitative refinement remains an objective for Phase 3. 

Data used. Agricultural drought (Workflow #1) — Vulnerability: FAO-56 crop-water/yield-response 

parameters (initial/mid/late-season crop coefficients, root-depth fractions, growth-stage length 

fractions, yield-response factor) for seven CARM rainfed crops (barley, oats, wheat, olive, almond, 

wine grape, pistachio), replacing Phase 1’s single, generic Doorenbos and Kassam (1979) K ᵢ factor 

covering only three crops. Exposure: crop production (t) and field price (€/t) from the Region of 

Murcia’s official agricultural-statistics portal (ESAM), historical average 2012–2023/24 for 

production and weighted average 2020–2024 for price, spatially distributed using SIGPAC 2026 

rainfed (irrigation coefficient = 0) parcels weighted proportionally by CREM/ECONET municipal crop-

area statistics, replacing Phase 1’s global MapSPAM/GAEZ exposure layer.  

River and coastal floods (Workflow #2) — Hazard: JRC European river-flood depth maps for 

RP10/100/500 (D1 baseline, ~90 m native resolution) and CNIG national flood hazard maps for the 

same return periods (1 m native resolution). Exposure: LUISA/Copernicus land use (D1 baseline, 

~100 m) and SIOSE, the Spanish national land-use cadastre. Vulnerability: Huizinga et al. (2017) 

depth–damage curves, applied through the open-source DamageScanner library — an independent, 

peer-reviewed alternative to the JRC-derived, country-adjusted curves used natively by the CLIMAAX 

Toolbox in D1. All hazard and exposure layers were homogenized to a common 50 m grid, 

reprojected to EPSG:25830, and clipped to the CARM administrative boundary (11,316 km²) to 

ensure comparability across sources.  

New impact metrics. Phase 2 adds a hazard×exposure attribution matrix — JRC+SIOSE, JRC+LUISA, 

CNIG+SIOSE, CNIG+LUISA — computed for each of the three return periods, allowing the aggregate 

damage estimate to be decomposed into the share attributable to the hazard-map source versus 

the land-use source. This was not possible under Phase 1’s single-pipeline CLIMAAX Toolbox output 

and is the central new analytical contribution of this phase (Section 2.3.2.2). 

Indirect impacts. No. As in Phase 1, the analysis is limited to direct economic damage to the building 

and land-use asset stock implied by the depth–damage functions. Indirect impacts (business 

interruption, supply-chain disruption, loss of agricultural income beyond the damaged parcel) remain 

out of scope. 

Datasets and limitations. Three further limitations apply to the drought deepening: (i) the FAO-56 

crop parameters (Kc, Ky, growth-stage lengths) are generic literature values not locally calibrated to 

Murcia-specific cultivars, soils or irrigation practices; (ii) the SIGPAC/CREM-ECONET spatial 

distribution is, by the source methodology’s own characterization, a “potential compatible surface” 
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rather than an exact parcel-level cartography of crops; (iii) for tractability, all dried-fruit/nut crops 

were modelled as almond and mixed-crop parcels (under 1% of production) were excluded, which 

may understate losses for pistachio and other minor nut crops. Analogously, three limitations apply 

to the flood deepening: (i) the Huizinga et al. (2017) curves derive from international case studies 

and are not calibrated to the specific construction and economic characteristics of the CARM; (ii) 

reclassifying SIOSE categories to the LUISA nomenclature to enable comparison introduces 

additional uncertainty in the exposure layer; (iii) homogenizing all layers to a common 50 m grid — 

necessary for comparability — discards spatial detail that could affect locally estimated damages, 

particularly relative to CNIG’s native 1 m resolution.  

 

2.3.1 Workflow #1: Agricultural droughts 

Table 2-20 Data overview workflow #1 

Hazard data Vulnerability data Exposure data Impact metrics/Risk output 

CORDEX regional 

climate projections 

(daily precipitation, 

Tmax/Tmin, relative 

humidity, solar 

radiation, wind 

speed), combined 

with soil available-

water capacity, 

elevation and thermal 

climate zone; 

RCP2.6/RCP8.5. D1 

gives two slightly 

different sets of 

assessment periods 

across its table 

(2031–2060/2071–

2100) and text (near 

future 2031–2050/far 

future 2071–2100) 

(D1, Table 2-6, 

§2.3.1.1). Not 

updated in Phase 2. 

Distribution of fully-irrigated 

cropland (2010, GAEZ) as 

sensitivity proxy, combined with 

per-crop yield-response (Kᵢ) 

factors from Doorenbos and 

Kassam (1979) — a single-value, 

non-spatial factor D1 itself flags 

as outdated and ill-suited to 

Murcian crops, pending 

replacement with Steduto et al. 

(2012) and IMIDA-calibrated 

curves (D1, §1.3, Table 2-7). 

Global crop production (42 crops, 

2020, MapSPAM) and 

aggregated crop value (FAO–

IIASA GAEZ). Phase 1’s own 

Table 2-3 benchmarks these 

against official statistics and 

finds substantial divergence 

(almond under-represented ≈4×, 

olive over-represented >4×, citrus 

area reduced to a near-negligible 

33 ha vs. an actual 40,135 ha), 

which D1 says “result[s] in a poor 

CRA for drought in the CARM.” 

Lost-opportunity cost and 

irrigated-area share by grid cell, 

for olive, almond and barley. 

Phase 1’s own figures are 

internally inconsistent: §2.3.1.2 

reports olive losses “totaling 

approximately €30,000” and 

barley losses “over €10 million,” 

while its Conclusions give olive 

losses “up to €16 million” and 

barley losses “below €1 million.” 

Almond losses could not be 

costed (no production-data 

series found). Phase 2 reports 

the discrepancy rather than 

selecting one figure. 

The CORDEX-based 

hazard layer 

described above is 

carried forward 

unchanged from D1. 

FAO-56 dual crop-coefficient 

parameters (Kc-ini, Kc-mid, Kc-

end), root-development fractions 

(RD1, RD2), depletion fraction 

(DF), four-stage length-of-

growing-period fractions (LGP-f1 

through LGP-f4) and yield-

response factor (Ky) 2-21 for 

seven rainfed (dryland) crops: 

barley, oats, wheat, olive, almond, 

wine grape and pistachio. 

Replaces Phase 1’s single, non-

spatial Doorenbos and Kassam 

(1979) Kᵢ factor, which covered 

only three crops and which D1 

itself flagged as outdated (D1, 

§1.3, Table 2-7). 

Crop production (t, 2012–

2023/24 historical average) and 

field price (€/t, 2020–2024 

weighted average) for the same 

seven crops, from the Region of 

Murcia’s official agricultural-

statistics portal (ESAM; Table 2-

22), spatially distributed using 

SIGPAC 2026 rainfed (irrigation 

coefficient = 0) parcels weighted 

proportionally by CREM/ECONET 

municipal crop-area statistics 

(Table 2-23), illustrated in Figure 

2-31. Replaces Phase 1’s global 

MapSPAM (42-crop, 2020)/FAO–

IIASA GAEZ exposure layer, 

which Phase 1’s own Table 2-3 

Revised expected-loss estimates 

for rainfed agriculture based on 

the updated Phase 2 workflow. 

The outputs are derived from 

crop-specific FAO-56 

parameters, official production 

and price records, and 

SIGPAC/CREM spatial exposure 

for the main rainfed crops 

analysed. These results replace 

the inconsistent Phase 1 

drought-loss estimates and 

provide a more coherent basis 

for agricultural and territorial 

adaptation planning. 
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Hazard data Vulnerability data Exposure data Impact metrics/Risk output 

found to diverge substantially 

from official statistics. 

2.3.1.1 Hazard assessment 

Phase 2 retains the climate-hazard layer used in Phase 1 for agricultural drought, but updates the 

risk workflow by replacing the exposure, vulnerability and economic-value inputs with regional data. 

The hazard component therefore remains based on the CORDEX projections used in D1, while the 

impact assessment is substantially improved through the updated regional crop and rainfed-

exposure evidence described below. Phase 1’s drought hazard assessment is built on CORDEX 

regional climate projections (daily precipitation, temperature, relative humidity, solar radiation, wind 

speed) under RCP2.6 and RCP8.5, combined with soil water-holding capacity and elevation (D1, 

Table 2-6). Of the three crops assessed — olive, almond and barley — olive is consistently identified 

as the most affected and barley as the least, though Phase 1’s own headline figure for olive yield 

loss under the far-future RCP8.5 scenario varies across its sections: 42.4% in the hazard-

assessment text (D1, §2.3.1.1), “up to 60%” in its Executive Summary, and 45.4% in its Conclusions. 

This internal inconsistency is reported here as found in D1, rather than resolved by selecting one 

figure. D1 situates these projections against an already-stressed water system — Segura basin 

reservoirs at 17% of capacity in September 2024 and 28.7% in late July 2025 — and projects the 

cumulative dry-spell duration to lengthen by 5–10 days/year under SSP2-4.5 or 12–18 days/year 

under SSP5-8.5 by 2041–2070. 

Phase 2 complements this hazard assessment with a multi-model trend analysis using four GCM-

RCM combinations under the RCP2.6 and RCP8.5 scenarios — selected as the most extreme 

available, to bound the full range of uncertainty — for the reference (2006–2020), near-future (2041–

2060) and far-future (2081–2100) periods. Figure 2-28 shows the resulting evolution of maximum 

temperature averaged over the Región de Murcia for the selected models and scenarios; trends are 

broadly consistent across models within a given scenario, and under RCP8.5 the end-of-century 

change relative to the reference period reaches approximately 4°C. Figure 2-29 shows the 

corresponding precipitation trends, which are less clear-cut: a decline prevails, but its magnitude 

depends on both the scenario and the individual model, precipitation shows substantial temporal 

variability, and depending on the period considered it can even increase. Figure 2-30 illustrates a 

case in which precipitation declines by around 40% relative to the reference period. This matters 

because, although the computed water deficit depends on temperature, precipitation remains the 

dominant driver. 
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Figure 2-28 Evolution of maximum temperature averaged over the Región de Murcia for 4 GCM-RCM model combinations 
under RCP2.6 and RCP8.5, reference (2006–2020), near-future (2041–2060) and far-future (2081–2100) periods. 
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Figure 2-29 Evolution of precipitation averaged over the Región de Murcia for 4 GCM-RCM model combinations under 
RCP2.6 and RCP8.5, reference (2006–2020), near-future (2041–2060) and far-future (2081–2100) periods. 
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Figure 2-30 Example of projected precipitation change relative to the reference period, illustrating a case in which 
precipitation declines by around 40%. 

Phase 2’s contribution to this hazard therefore combines the multi-model temperature and 

precipitation trend analysis presented above with refinements to the exposure, vulnerability and 

economic-loss methodology; the expanded crop-specific evidence base for the latter is presented 

below, under Risk assessment. 

2.3.1.2 Risk assessment  

Phase 1’s drought risk assessment combines MapSPAM crop-production data and GAEZ crop-value 

estimates with a single-value yield-response (Kᵢ) factor (Doorenbos and Kassam, 1979) that Phase 

1 itself flags as outdated and ill-suited to Murcian crops. Phase 1’s reported economic-loss figures 

for this workflow are internally inconsistent across its own sections: §2.3.1.2 reports olive losses 

“totaling approximately €30,000 across the region” and barley losses “over €10 million,” whereas its 

Conclusions instead state olive losses of “up to €16 million” and barley losses “below €1 million.” 

Phase 2 reports both sets of figures rather than selecting one, and notes that almond losses could 

not be costed in Phase 1 because no production-data series was available. Phase 1 also 

benchmarks its underlying MapSPAM/GAEZ exposure data against official regional statistics and 

finds substantial divergence — almond under-represented by roughly 4×, olive over-represented by 

more than 4×, and citrus area reduced to a near-negligible 33 ha against an actual 40,135 ha — 
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leading Phase 1 to conclude that “the CRA cannot provide a reliable estimate of drought impacts on 

this high-value sector.” 

First, Phase 1’s single-value yield-response factor (Kᵢ; Doorenbos and Kassam, 1979), applied to 

three crops (olive, almond and barley), is replaced with a full FAO-56 dual crop-coefficient 

parameterisation (Allen et al., 1998) for seven rainfed/dryland crops: barley, oats, wheat, olives, 

almond, wine grapes and pistachios (Table 2-21). These crops were selected because they combine 

agronomic relevance for rainfed agriculture in the Region of Murcia, availability of crop-specific FAO-

56 parameters, availability of official ESAM production and price records, and spatial representability 

through SIGPAC/CREM rainfed land-use categories. Together, the compatible SIGPAC/CREM 

categories represented by these crops — arable cereals, tree nuts, olive groves and vineyards — 

cover approximately 2,618 km², equivalent to more than 80% of the regional rainfed agricultural 

surface identified in the CARM, estimated at around 3,170 km². The selection therefore broadens 

Phase 1’s three-crop scope while focusing on the dominant rainfed agricultural systems for which a 

coherent regional exposure, vulnerability and economic-value basis could be constructed. Other 

crops were not included at this stage because they were either predominantly irrigated, lacked a 

sufficiently robust combination of crop-specific parameters and regional production/price 

information, or could not be spatially represented with enough consistency using the SIGPAC/CREM 

rainfed exposure approach. Second, Phase 1’s MapSPAM/GAEZ production and value estimates, 

which Phase 1 itself found to diverge substantially from official regional statistics for several crops, 

are complemented with production volumes and field prices drawn directly from the Región de 

Murcia’s official Statistics of Agriculture portal (ESAM; Table 2-22). Third, a spatially explicit rainfed-

cropland exposure layer is built from SIGPAC parcel data and CREM/ECONET municipal crop-area 

statistics (Figure 2-31, Table 2-23). These three elements are integrated into the updated drought 

workflow to estimate expected losses for rainfed agriculture under the selected climate scenarios. 

The resulting outputs provide a more coherent and regionally grounded estimate than the Phase 1 

results, which were affected by global exposure-data inconsistencies and generic crop assumptions. 

Phase 1’s loss figures reported above are complemented below by new Phase 2 yield-loss estimates 

for rainfed crops, illustrated here for almond; these new Phase 2 outputs include percentage yield-

loss estimates for the seven rainfed crops analysed and a corrected economic-loss estimate 

illustrated for almond. The monetary valuation should therefore be interpreted as a first corrected 

economic quantification rather than as a complete valuation for all crops; extending the same 

harmonised valuation to the remaining crops remains a task for future refinement and stakeholder 

validation. 

Table 2-21 FAO-56 dual crop-coefficient and yield-response parameters for the seven dryland crops analysed in Phase 2 

Crop parameter Barley Oats Wheat Olives Almond Wine 

grapes 

Pistachios 

FAO code 114 75 11 248 230 269 234 

Clim 3 3 3 3 3 3 3 

Kc(ini) 0.30 0.30 0.30 0.65 0.40 0.30 0.40 

Kc(mid) 1.15 1.15 1.15 0.70 0.90 0.70 1.10 

Kc(end) 0.25 0.25 0.25 0.65 0.65 0.45 0.45 

LGP(f1) 0.111 0.111 0.111 0.082 0.083 0.133 0.104 

LGP(f2) 0.333 0.333 0.333 0.247 0.250 0.267 0.271 
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Crop parameter Barley Oats Wheat Olives Almond Wine 

grapes 

Pistachios 

LGP(f3) 0.389 0.389 0.389 0.329 0.375 0.400 0.396 

LGP(f4) 0.167 0.167 0.167 0.342 0.292 0.200 0.229 

Season start Day 319 Day 319 Day 319 Day 60 Day 32 Day 91 Day 91 

Season end Day 134 Day 134 Day 134 Day 59 Day 273 Day 243 Day 334 

RD(1) 0.20 0.20 0.20 0.40 0.30 0.30 0.40 

RD(2) 1.00 1.00 1.20 1.50 1.70 1.50 2.00 

DF 0.55 0.55 0.55 0.65 0.45 0.45 0.50 

Type 1 1 1 3 3 2 3 

Ky 1.00 1.00 1.15 0.90 0.85 0.85 0.80 

Note: Kc(ini), Kc(mid) and Kc(end) are the FAO-56 initial, mid-season and late-season crop coefficients; LGP(f1)–LGP(f4) are the fractions of 

the total growing-period length assigned to the initial, development, mid-season and late-season growth stages; RD(1) and RD(2) are the initial 

and maximum effective rooting depths (m); DF is the soil-water depletion fraction for no stress; Type denotes the FAO-56 crop-group 

classification used to select stress-response behaviour; and Ky is the yield-response factor (Doorenbos and Kassam, 1979) relating relative 

yield decline to relative evapotranspiration deficit. FAO code and Clim follow the crop and climate-zone coding used in the FAO-56/CROPWAT 

reference tables. Source: FAO-56 (Allen et al., 1998), as applied to the seven crops analysed in Phase 2; wine grapes and pistachios are added 

relative to Phase 1’s three-crop (olive, almond, barley) scope. 

Crop-specific production volumes and field prices used to scale these parameters into an indicative 

economic-exposure metric were obtained from ESAM (Estadísticas Agrarias de la Región de Murcia; 

https://esam.carm.es/estadisticas-agricolas/) rather than from Phase 1’s MapSPAM/GAEZ layers. 

Production figures are long-run averages (2012–2023 or 2012–2024, depending on data availability 

for each crop) intended to smooth year-to-year weather-driven fluctuations; field prices are weighted 

averages of monthly origin prices over 2020–2024 (Table 2-22). 

Table 2-22 Average production, average field price and indicative exposure value for the seven dryland crops analysed in 
Phase 2 (source: ESAM) 

Crop Production (t) Price (€/t) Value (M€) 

Almond 25,979.00 4,749.31 123.38 

Olive 49,266.00 1,072.10 52.82 

Wine grapes 68,813.00 650.00 44.73 

Barley 33,636.00 223.08 7.50 

Oats 18,903.00 233.83 4.42 

Wheat 13,933.00 244.26 3.40 

Pistachios 244.26 10,000.00 2.44 

Note: value is the simple product of average production and average price, presented here as an indicative economic-exposure metric rather 

than a loss estimate; no climate-hazard scenario has been applied to it (see main text). The olive price is derived from ESAM’s virgin-olive-oil 

price assuming a 25% average extraction yield, as ESAM does not publish a direct field price for olives destined for oil production.  

To locate these crops spatially, Phase 2 combines agricultural-parcel geography from SIGPAC 2026 

with official municipal crop-area statistics published by CREM/ECONET. SIGPAC provides the 

spatial base, since it identifies agricultural parcels together with their land use and irrigation 

coefficient, while CREM/ECONET provides the official statistical source of crop area at municipal 

scale. Municipal SIGPAC parcels were combined into a single vector layer, restricted to parcels with 

an irrigation coefficient of zero (i.e. rainfed/dryland parcels). SIGPAC land uses were then 

reclassified into groups compatible with the crops analysed: cereals and aromatic crops (wheat, 

barley, oats, lavender, lavandin) to arable land; almond, pistachio and carob to tree nuts and their 
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mixed-use combinations; olive to olive-grove uses and olive mixtures; and grapevine to vineyard uses 

and vineyard mixtures. 

Because SIGPAC records the broad agricultural use of a parcel rather than the specific crop grown, 

the resulting parcel classification should be read as a potentially compatible surface area rather 

than an exact parcel-level cartography of the crops analysed. To reconcile this with official figures, 

each municipality’s CREM/ECONET crop area was distributed proportionally across the compatible 

SIGPAC parcels within that municipality, so that each parcel receives a weighted area in proportion 

to its share of the municipal compatible-SIGPAC surface. The resulting vector layer of rainfed 

parcels therefore reproduces the official CREM/ECONET area at the municipal level while 

distributing it spatially according to compatible-parcel location; it provides a spatially coherent 

approximation for exposure and vulnerability analysis but should not be read as an exact parcel-

level inventory of crops. Within the arable-land category, the cereal area was further apportioned 

among wheat, barley and oats in proportion to each crop’s share of regional production; all tree-nut 

area was treated as almond; and mixed-crop parcels, which together account for under 1% of 

regional production, were excluded from the crop-specific exposure analysis. 

Figure 2-31 shows the resulting region-wide classification, with three example areas highlighted to 

illustrate the parcel-level detail achieved; Figures 2-32 to 2-34 show each of these areas in detail. 

Table 2-23 SIGPAC-derived rainfed (dryland) land-use classification for the CARM, by category 

Land-use category Number of parcels Area (ha) Share (%) 

Arable land (cereals) 152,133 139,593.40 44.04 

Tree nuts 77,545 86,928.81 27.42 

Unclassified 178,686 55,200.33 17.41 

Olive groves 74,850 18,885.35 5.96 

Vineyards 15,361 15,729.62 4.96 

Tree nuts and olive groves 1,344 553.25 0.17 

Olive groves and fruit orchard 264 55.39 0.02 

Tree nuts and vineyards 67 21.81 0.01 

Vineyards and olive groves 163 14.61 <0.01 

Vineyards and fruit orchard 22 2.01 <0.01 

Total 500,435 316,984.58 100.00 

Note: categories combining two land uses (e.g. tree nuts and olive groves) correspond to SIGPAC parcels recorded under a mixed or 

associated use; together they account for under 1% of the total classified area and were excluded from the crop-specific exposure analysis 

(see main text). 
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Figure 2-31 SIGPAC-derived classification of rainfed (dryland) agricultural land in the CARM, with three example zoom areas 
indicated (see Figures 2-32–2-34). 

Table 2-23 summarises the resulting classification by category, in number of parcels, area and share 

of the total rainfed surface identified. 

 

 

Figure 2-32 Parcel-level detail of the SIGPAC-derived classification for zoom area 1 (see Figure 2-31). 
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Figure 2-33 Parcel-level detail of the SIGPAC-derived classification for zoom area 2 (see Figure 2-31). 

 

 

Figure 2-34 Parcel-level detail of the SIGPAC-derived classification for zoom area 3 (see Figure 2-31). 

Taken together, the FAO-56 parameterisation, the ESAM-sourced production and price data and the 

SIGPAC/CREM-ECONET exposure layer presented above constitute a refined methodological basis 

for this workflow’s risk assessment.  

This workflow has been substantially revised relative to Phase 1. In its previous form, crop losses 

were computed against a baseline of unconstrained (potential) production. The aim here is instead 

to isolate the additional impact attributable to climate change on top of current cultivation 

conditions, rather than the total loss in a territory that already carries a structural water deficit. 

Losses are therefore calculated relative to the reference period, comparing the yield simulated under 

each future scenario with the yield obtained under reference-period climate. This removes the effect 

of the water stress already present under current conditions and isolates the yield variation 
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attributable specifically to the projected climate changes, providing a more representative estimate 

of climate change’s incremental impact on agricultural production. 

To streamline the workflow, all EuroCordex data were clipped and interpolated using a bilinear model 

onto a regular 0.05° longitude/latitude grid covering the Región de Murcia (CARM). The fixed input 

fields required for the calculation — available water capacity, elevation and others — were 

interpolated onto the same grid. The crop-loss model, with a minor modification for arid zones, was 

then run for each of the periods described above. 

Computing this yield for both the reference period (Yr,ref) and the future scenario (Yr,fut), the additional 

loss attributable to climate change is estimated as: 

LCC = 100 × (1 − Yr,fut / Yr,ref) 

Applying this methodology yields the percentage loss for each crop analysed in this workflow. As 

an illustrative example, results are presented below for almond under the MPI‑ESM/SMHI‑RCA4 

climate model chain (RCP8.5) (Figure 2-35); full graphical and tabular results for all seven CARM 

crops (almond, barley, oats, olives, pistachios, wheat and wine grapes), periods and model chains 

analysed are provided separately in the Supporting Documentation (Section 5), package 

SI_Workflow_#1_CropYield_Dashboards_RCP8.5.zip, doi: 10.5281/zenodo.21064524. 

     

Figure 2-35 Estimated almond yield loss (%) relative to unconstrained (potential) production, for the reference period (2006–
2020), near future (2041–2060) and far future (2081–2100), left to right. 

Results show losses that increase progressively toward the far future. Notably, losses already reach 

significant values under the reference period itself, which should approximate present-day 

conditions: for almond, present-day production reductions of up to 30% are estimated, rising to 

locally over 50% in the far future. This is broadly consistent with the region’s comparatively low 

almond yield per hectare relative to other Spanish growing regions. 

Losses relative to the reference period — which isolate the increment attributable specifically to 

climate change — are shown in Figure 2-36. For almond, these relative losses range from around 

15% to nearly 30% by the end of the century in the region’s northernmost areas. 
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Figure 2-36 Almond yield loss (%) attributable to climate change, relative to the reference period, for the near future (2041–
2060, left) and far future (2081–2100, right). 

A consolidated view of these results for the illustrative MPI-ESM/SMHI-RCA4 (RCP8.5) chain is given 

in Figure 2-37, which reproduces in a single dashboard the absolute yield loss for the reference 

period, near future and far future (cf. Figure 2-35) together with the corresponding relative loss for 

each future horizon versus the reference period (cf. Figure 2-36). 

During preparation of this report, the loss-calculation method used in an earlier iteration of this 

workflow was found to overestimate economic losses substantially, owing to a methodological error 

subsequently corrected. Figure 2-38 illustrates this for almond under the MPI-ESM/SMHI-RCA4 

(RCP8.5) chain, far future (2081–2100): panel (a) shows almond cultivated area as a percentage of 

total municipal area; panel (b) shows the per-cell economic loss obtained under the original method, 

reaching over €1.2 million in the worst-affected cells; panel (c) shows the same loss under the 

corrected method, with a maximum of around €325,000 per cell. Aggregated regionally, almond 

production within the rainfed extent analysed is valued at approximately €123 million (≈25,979 t) for 

the reference period; the original method estimated an associated annual loss of approximately 

€55.2 million, while the corrected method reduces this to approximately €17 million per year. Losses 

attributable to climate change therefore remain significant, but materially smaller than initially 

estimated, and the corrected figures are the ones reflected throughout this section. 

This corrected estimate should nonetheless be read as a lower bound rather than a full accounting 

of drought-related risk to almond cultivation. The yield-loss model underlying Figures 2-35 to 2-38 is 

calibrated on long-term climatic water deficit and does not explicitly capture two further 

mechanisms reported for the Region of Murcia during the severe 2023–2024 drought: heat damage 

to flowering and fruit-set under extreme spring temperatures, and outright die-off of mature trees 

under prolonged extreme water stress. Regional sources reported that the 2024 drought killed 

almond and vineyard trees outright in affected areas (La Opinión de Murcia, 2024), with around 12% 

of the Region’s dryland plantations lost (ORM, 2024a), more than 160,000 ha at risk and an estimated 

€146 million in associated losses (ORM, 2024b), and €4.5 million in regional aid mobilised 

specifically for almond growers (ORM, 2024c). Because tree loss and flowering-stage damage 

represent a discrete loss of productive capacity rather than a marginal yield reduction, neither is 

captured by the percentage yield-loss metric used in this workflow; the true economic exposure of 
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almond cultivation to drought and heat extremes in the Region may therefore exceed the corrected 

estimate above. 

 

Figure 2-37 Summary dashboard for almond under the MPI-ESM/SMHI-RCA4 (RCP8.5) chain, consolidating absolute yield 
loss (%) for the reference period (2001–2020), near future (2041–2060) and far future (2081–2100) (top row), and the 
corresponding relative loss attributable to climate change for each future horizon versus the reference period (bottom row). 

     

Figure 2-38 Spatial distribution underlying the loss-calculation comparison for almond, far future (2081–2100, RCP8.5): (a) 
almond cultivated area as a percentage of total municipal area; (b) economic loss under the original calculation method; (c) 
economic loss under the corrected calculation method, relative to the reference period (2001–2020). 
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2.3.2 Workflow #2: Coastal and river floods 

Table 2-24 Data overview workflow #2 

Hazard data Vulnerability data Exposure data Impact metrics/Risk output 

JRC river-flood depth 

maps, RP10/100/500, ~90 

m resolution (Europe-wide 

coverage). 

JRC depth-damage curves, 

combined with country-specific 

economic parameters (native 

CLIMAAX Toolbox output). 

LUISA/Copernicus land use, 

~100 m resolution. 

Aggregate economic damage 

(M€) by land-use category and 

return period; CARM-wide 

hotspot maps. D1 result: 

€7,614M (RP10) to over 

€11,100M (RP500). 

JRC maps as above, 

cross-checked against 

CNIG national flood 

hazard maps, 

RP10/100/500, 1 m native 

resolution (official 

Spanish flood mapping 

system, MITECO/SNCZI 

lineage). 

Huizinga et al. (2017) depth-

damage curves, applied via the 

open-source DamageScanner 

library — independent of the JRC 

curves used in D1. 

LUISA cross-checked against 

SIOSE (national cadastre); 

both homogenized to 50 m, 

reprojected to EPSG:25830, 

and clipped to the CARM 

boundary. 

Flooded area (km²) and 

economic damage (M€) for four 

hazard×exposure combinations 

(JRC+SIOSE, JRC+LUISA, 

CNIG+SIOSE, CNIG+LUISA) × 3 

return periods, by land-use 

category — enabling attribution 

of the damage estimate to 

hazard-map source vs. land-use 

source. 

Phase 2 (coastal): 

bathtub-type, hydraulic-

connectivity inundation 

model developed by the 

University of Murcia, run 

over the IGN/PNOA 5 m 

Digital Terrain Model 

(MDT05, ETRS89/UTM, 

COG format), continuously 

swept in 1 cm increments 

of sea-level rise from 0 to 

100 cm producing a 

separate 

“connected/active” and 

“residual/drainage” raster 

at every centimetre. 

Continuous hyperbolic-tangent 

parametrisation of the CLIMAAX 

depth–damage table — D(H) = 

½[1 + tanh((H−μ)/(σ√2))] — with 

land-use-specific μ/σ fitted and 

validated against real insurance-

claim and municipal data from 

the September 2019 Los 

Alcázares flood (MAE = 2.8% 

residential, 1.2% infrastructure). 

SIOSE (national land-

occupation database, 

IGN/CNIG), grouped into 

LUISA-comparable classes 

using the same crosswalk 

applied to river floods (Row 2 

above). 

Flooded area and depth 

distribution by municipality 

across the full SLR sweep, 

including topographic critical-

height (inflection) points; 

municipal and CARM-wide 

economic damage under the 

RCP4.5/RCP8.5 × 2050/2100 

sea-level scenarios. 

 

2.3.2.1 Hazard assessment 

Phase 1 already flagged a sizeable hazard-data discrepancy for this workflow. Comparing the JRC-

derived flood layer used in the CLIMAAX Toolbox against Spain’s official national flood-mapping 

system (SNCZI, MITECO), Phase 1’s Table 2-4 reports floodable areas of 179.6 km² (SNCZI) versus 

120.7 km² (CLIMAAX/JRC) at RP10, 406.6 versus 145.4 km² at RP100, and 549.1 versus 165.6 km² 

at RP500 — an underestimation by the JRC-based layer of −33%, −64% and −70% respectively, which 

D1 attributes to the coarser (~90 m) resolution of the European hazard layer relative to SNCZI’s 

much finer national mapping. Phase 1’s text does not unambiguously state whether this specific 

comparison covers the full 11,316 km² CARM or a narrower extent: it ties the table generically to 

“the Region of Murcia” before separately narrowing to the Metropolitan Area of Murcia for a follow-

up spatial-consistency check. This ambiguity should be clarified with the Phase 1 team and is not 

assumed away below. 

Phase 2 deepens this hazard-source comparison, independently re-deriving flooded area for the 

entire CARM — explicitly clipped to the regional administrative boundary — under two hazard-map 

sources (JRC, and CNIG, Spain’s official national flood-hazard mapping system, at 1 m native 
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resolution) crossed with two exposure layers, at the three standard return periods. Table 2-25 reports 

the flooded-area results by hazard-map source (collapsing across exposure layer, since the hazard 

layer alone determines the flooded extent). 

Table 2-25 Flooded area by hazard-map source and return period (km²), CARM-wide 

Hazard-map source RP10 (km²) RP100 (km²) RP500 (km²) 

JRC (European layer) 135.66 192.13 217.21 

CNIG (national layer) 218.97 507.37 671.04 

Ratio CNIG/JRC 1.61× 2.64× 3.09× 

 

 

Figure 2-39 JRC/European river-flood hazard map for the CARM (based on JRC hazard layers). 

 

Figure 2-40 CNIG national river-flood hazard map for the CARM (based on CNIG/SNCZI hazard layers). 

Although the absolute figures in Phase 1’s Table 2-4 and in Table 2-25 are not directly comparable 

given the spatial-extent ambiguity noted above, both comparisons point in the same direction and 

grow in the same way: the gap between the European JRC layer and the high-resolution Spanish 

national reference (SNCZI/CNIG) widens as the return period increases — from −33% to −70% in 

Phase 1’s comparison, and from a 1.61× to a 3.09× area ratio in Phase 2’s CARM-wide comparison. 

This convergent, independently derived pattern reinforces hazard-map source as a primary driver of 

the divergence in flood-extent estimates between Phase 1 and Phase 2, and, as shown below, in the 

resulting damage estimates. 

As a visual cross-check, Figure 2-41 reproduces Phase 1’s own flood-depth map for the Murcia 

metropolitan area at four return periods (D1, Figure 2-19), generated under the same JRC/European 
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hazard source as Figure 2-39 above. Phase 1’s map covers only the metropolitan extent rather than 

the full CARM, so it is not a substitute for the CARM-wide comparison in Table 2-25, but the pattern 

it shows — flooding concentrated along the main river channel, widening only moderately between 

the 10- and 500-year return periods — is qualitatively consistent with the CARM-wide JRC layer in 

Figure 2-39, offering an independent, if partial, cross-check of Phase 1’s own hazard mapping within 

the area both analyses cover. 

 

Figure 2-41 Phase 1’s flood water depth map for the Murcia metropolitan area, for the 10-, 50-, 100- and 500-year return 
periods (source: D1, Figure 2-19, reproduced for comparison). 

For coastal floods, Phase 2 departs methodologically from Phase 1’s discrete-scenario approach, 

as already flagged in Table 2-2 above. Phase 1’s own coastal data overview combined GTSMv3.0 

extreme sea levels (IPCC AR6 / NASA Sea Level Projection Tool, present-day and mid-century 

RCP8.5) with Deltares’ global bathtub-inundation maps over two alternative 90 m DEMs (MERIT-

DEM and NASADEM), evaluated at seven discrete return periods (2, 5, 10, 25, 50, 100 and 250 years). 

D1 found the flooded area to depend “only slightly” on return period — GTSMv3.0’s own extreme sea 

levels range from just 0.4 m (RP5) to 0.6 m (RP100) — but to depend heavily on the choice of DEM: 

Phase 1’s Table 2-9 shows MERIT-DEM producing flooded areas roughly 155–225% larger (up to 

~3.2×) than NASADEM for the same scenario, a gap that narrows somewhat from 2018 to 2050 but 

never closes. 

Phase 2’s response to this DEM-driven uncertainty, developed in collaboration with the University of 

Murcia, was twofold. First, spatial resolution was increased: a 1 m DEM was tested and compared 

against a 5 m product, the difference in flooded area found to be below 1%, so the IGN/PNOA 5 m 

Digital Terrain Model (MDT05, ETRS89/UTM, Cloud Optimized GeoTIFF format) was adopted as the 

best trade-off between detail and full coastal coverage. Second, and more fundamentally, Phase 1’s 
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discrete return-period/DEM-pair comparison was replaced by a continuous sweep of sea-level rise 

(SLR) from 0 to 100 cm in 1 cm increments, run through a bathtub-type model with hydraulic 

connectivity developed at the University of Murcia. The reason for the change was precisely the 

uncertainty associated with SLR scenarios themselves: rather than evaluating hazard at a handful 

of discrete return-period/year combinations, Phase 2 evaluates it continuously across the full 

plausible SLR range, generating a separate “connected/active” flood raster and a “residual/drainage” 

raster for every centimetre — the latter capturing water that remains trapped in topographic 

depressions after the tide recedes. 

 

Figure 2-42 Flood-extent overlay for the La Manga / Mar Menor coastal strip — Phase 1’s principal coastal study area — 
under the Phase 2 bathtub-with-hydraulic-connectivity model. 
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Figure 2-43 Parcel-scale detail achieved with the IGN/PNOA 5 m MDT05 digital terrain model, illustrating the resolution gain 
over Phase 1’s 90 m DEMs. 

Figure 2-44 illustrates the practical effect of the continuous SLR sweep for a single municipality, San 

Pedro del Pinatar, mapping how the flooded extent grows across the four scenarios also used in the 

regional and municipal figures below: SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5. For comparability 

with the RCP-based nomenclature used elsewhere in this report, SSP2-4.5 corresponds to RCP4.5 

and SSP5-8.5 to RCP8.5; SSP1-2.6 and SSP3-7.0 are additional bounding scenarios with no direct 

RCP counterpart in the regional figures that follow. The largest flood extent is overlaid in red beneath 

progressively smaller ones, so the map reads as a nested set of scenario outlines rather than four 

separate panels. 
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Figure 2-44 Flood-extent scenarios for San Pedro del Pinatar under SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5 (SSP2-4.5 ≈ 
RCP4.5; SSP5-8.5 ≈ RCP8.5), largest extent overlaid beneath smaller ones. 

This finer, continuous treatment surfaces a finding Phase 1’s coarse, discrete approach could not 

detect: municipality-specific critical (inflection) heights at which flooded area increases abruptly 

rather than gradually with sea-level rise. For San Pedro del Pinatar, Phase 2 identifies inflection 

points at approximately 37 cm and 65 cm of SLR — visible in the area curve in Figure 2-48 below — 

thresholds with no analogue in Phase 1’s seven discrete return periods, and a direct, demonstrable 

benefit of the continuous-sweep methodology adopted for Phase 2. 

2.3.2.2 Risk assessment  

The flooded-area divergence documented above propagates into economic damage. Table 2-26 

reports Phase 2’s damage estimates for all four hazard×exposure combinations, alongside Phase 

1’s Phase 1 result, for direct comparison. 

 



 

98 

  

Deliverable Phase 2 

Table 2-26 Estimated flood damage by hazard-map source, exposure source and return period (M€) 

Source / combination RP10 (M€) RP100 (M€) RP500 (M€) 

JRC + SIOSE 620.59 1,158.01 1,474.46 

JRC + LUISA 684.70 1,205.35 1,518.71 

CNIG + SIOSE 1,593.29 5,708.39 10,382.56 

CNIG + LUISA 1,687.87 5,889.54 10,279.28 

D1 (Phase 1) 7,614 not reported > 11,100 

 

 

Figure 2-45 LUISA land-use classification of the CARM, one of the two exposure layers used in Phase 2’s damage 
estimation. 

 

Figure 2-46 Huizinga et al. (2017) depth-damage curves by land-use category. 
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Comparison with Phase 1. Phase 1’s aggregate river-flood damage estimate (€7,614M at RP10, 

rising to over €11,100M at RP500; D1 does not report an intermediate RP100 value) sits well above 

all four Phase 2 combinations at RP10 — roughly 4.5× the highest Phase 2 estimate (CNIG+LUISA, 

€1,687.87M) — but converges much closer to, while still exceeding, the CNIG-based Phase 2 

combinations at RP500 (€10,382.56M and €10,279.28M), a gap of only around 7–8%. In other words, 

the relative size of the discrepancy is not constant: it narrows sharply as the return period increases. 

Likely drivers of the discrepancy. Two complementary lines of evidence point to where this 

discrepancy originates. First, hazard-map source has a large, quantifiable effect within Phase 2’s 

own internal comparison: switching from JRC to CNIG hazard maps, holding the exposure layer 

fixed, multiplies estimated damage by approximately 2.5× at RP10, 4.9× at RP100, and 6.8–7.0× at 

RP500 — mirroring the widening hazard-source gap documented in the Hazard assessment above. 

Second, a substantial residual gap remains even after accounting for hazard source: Phase 2’s 

JRC+LUISA combination nominally shares its hazard and exposure inputs with Phase 1’s Phase 1 

pipeline, yet Phase 1’s damage estimate is still around 11× higher at RP10 (€7,614M vs. €684.70M) 

and at least 7.3× higher at RP500 (>€11,100M vs. €1,518.71M). Because hazard and exposure are 

nominally held constant in this specific comparison, this residual points to the vulnerability/damage-

valuation step — Phase 1’s JRC depth-damage curves combined with undocumented “country-

specific economic parameters” applied internally by the CLIMAAX Toolbox, versus Phase 2’s 

independent application of the curves— as the most defensible explanation for the part of the gap 

that hazard-map source alone cannot account for. 

Convergent evidence. Despite the large difference in absolute magnitude, both analyses agree on 

which land-use categories drive the damage. Phase 1 identifies “Permanently irrigated land” and 

“Fruit trees and berry plantations” as the most affected categories, each exceeding €2,000M under 

RP500; Phase 2’s highest-damage combination (CNIG+LUISA, RP500) identifies the same two 

categories as the largest contributors €2,280.75M; €1,712.58M; respectively). This agreement on 

the dominant damage drivers, despite the gap in absolute totals, is reassuring evidence that both 

pipelines are capturing the same underlying exposure pattern. 

Caveats. Both pipelines share an important limitation that should temper how precisely either euro 

figure is read: neither vulnerability function has been calibrated or validated against observed flood-

loss data for the CARM. Phase 1 itself notes that “the loss curves were adopted as acceptable 

without further adjustment” and flags them as “a potential source of uncertainty that warrants closer 

examination and refinement in the next phase of the analysis”; this Phase 2 analysis similarly notes 

that the Huizinga curves derive from international case studies not calibrated to local conditions. 

Given this, the absolute damage figures from both pipelines should be read as order-of-magnitude 

indicative, and the size of the residual gap attributed above to methodology should itself be treated 

as an estimate, not a precise decomposition. 

Recommendation for Phase 3. To reconcile the two estimates, Phase 3 should: (i) request the 

specific “country-specific economic parameters” applied by the CLIMAAX Toolbox in D1, to allow a 

like-for-like comparison against the Huizinga coefficients used in this Phase 2 analysis; (ii) where 

feasible, cross-validate at least one vulnerability function against observed local flood-loss records 

for a documented historical event in the CARM; and (iii) clarify directly with the Phase 1 authors the 

precise spatial extent underlying Phase 1’s Table 2-4, to determine whether it is strictly comparable 

to the CARM-wide figures in Table 2-25. 
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Coastal risk assessment. Phase 1’s coastal risk assessment (D1, Figure 2-16) reported total 

integrated losses by DEM database, year and scenario, finding — consistent with the hazard-side 

divergence documented above — that MERIT DEM losses reach up to three times NASADEM’s for 

the same scenario, with both models showing markedly higher losses by 2050 than in 2018 

(NASADEM: roughly +30% to +10% across return periods; MERIT DEM: around +10% across all return 

periods). Importantly, D1 does not isolate a coastal-specific aggregate damage figure in euros: 

Phase 1’s own Conclusions chapter is explicit that its headline euro figures (€7,614M at RP10, rising 

to over €11,100M at RP500) refer to “the case of river floods,” not coastal floods (see Table 2-19 

and the river risk-assessment comparison above). A direct euro-for-euro comparison between Phase 

1’s coastal risk assessment and Phase 2’s coastal damage results is therefore not possible on the 

basis of Phase 1’s own report; the comparison below is necessarily qualitative, and Phase 2’s 

municipality-level damage figures should be read as the first disaggregated economic assessment 

of coastal flood risk produced for this region, rather than as an update to a prior D1 number. 

To translate flood depth into economic exposure, Phase 2 parametrised CLIMAAX’s discrete depth–

damage table with a continuous hyperbolic-tangent function, D(H) = ½[1 + tanh((H−μ)/(σ√2))], fitted 

separately for each SIOSE land-use class (see Table 2-2 above). The fitted curves were validated 

against real insurance-claim and municipal data from the September 2019 Los Alcázares flood, for 

the two land-use types where local damage records were available: residential and infrastructure. 

Figure 2-47 compares the fitted model (solid lines) against the discrete CLIMAAX table values it is 

built from (dashed lines and markers) for both classes. The mean absolute error against the 

empirical 2019 event data is 0.028 (≈2.8%) for residential land use and 0.012 (≈1.2%) for 

infrastructure — both well within the order-of-magnitude uncertainty that Phase 1 itself flags for its 

own vulnerability curves (it states they were “adopted as acceptable without further adjustment” and 

identifies them as a source of uncertainty “that warrants closer examination”) — and a calibration 

step Phase 2 can claim that Phase 1 explicitly could not. 

 

Figure 2-47 Validation of the continuous hyperbolic-tangent damage function against the discrete CLIMAAX depth–damage 
table and against real insurance-claim and municipal data from the September 2019 Los Alcázares flood, for residential and 
infrastructure land uses. 
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Figure 2-48 illustrates the resulting risk output for a single municipality, San Pedro del Pinatar, 

combining hazard, depth distribution and an infiltration-permeability metric across the full SLR 

sweep. The upper panel shows the statistical distribution of flood depth as a function of sea-level 

rise — the central marker is the spatial median, the thick and thin vertical bars are the 25/75 and 

10/90 percentiles — separately for the “connected/active” flood phase (blue) and the post-recession 

“residual” phase (red); the convergence of the two lines indicates that a substantial share of the 

active flood volume remains trapped as residual standing water. The lower panel plots total flooded 

area for both phases and the Municipal Infiltration Parameter (green dashed line, right axis), which 

normalises active flooding against the municipality’s coastline length. The inflection points at 

approximately 37 cm and 65 cm of SLR — flagged in the Hazard assessment above — are visible 

here as abrupt steps in the area curve, marking topographic thresholds where small further 

increases in sea level produce disproportionate jumps in flooded extent. Vertical dashed lines mark 

the SLR values corresponding to RCP4.5 and RCP8.5 in 2050 and 2100. 
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Figure 2-48 Flooded area and median flood depth for San Pedro del Pinatar across the full sea-level-rise sweep, with 
RCP4.5/RCP8.5 2050/2100 markers (SSP2-4.5 ≈ RCP4.5; SSP5-8.5 ≈ RCP8.5). 
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Figure 2-49 aggregates the same depth/area/infiltration metrics to the level of the whole Región de 

Murcia, providing the CARM-wide counterpart to the single-municipality example above and the 

basis for the region-wide damage figures that follow. 

 

Figure 2-49 Flooded area and median flood depth for the Región de Murcia, aggregated across all affected coastal 
municipalities, under RCP4.5/RCP8.5 2050/2100. 
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Once flood depth is characterised at every point, the vulnerability functions above are applied 

pointwise and summed to obtain total economic cost by municipality. Figure 2-50 plots this 

economic loss for each of the eight coastal municipalities covered by this analysis — Águilas, 

Cartagena, Lorca, Mazarrón, San Javier, San Pedro del Pinatar, La Unión and Los Alcázares — across 

the SLR range, with Cartagena and San Javier emerging as the two highest-loss municipalities 

throughout. 

 

Figure 2-50 Estimated economic loss by municipality across the sea-level-rise range. 

Cartagena and San Javier stand out as the two municipalities with by far the largest projected losses, 

each approaching €450 million at the upper end of the sea-level-rise range, roughly an order of 

magnitude above the other six municipalities. The two follow different trajectories: Cartagena’s 

losses rise steadily from the lowest sea-level-rise increments onward, while San Javier’s curve is 

comparatively flat through the first half of the range before accelerating sharply beyond 

approximately 0.6 m, the same critical-height pattern described for San Pedro del Pinatar above. La 

Unión shows the most extreme version of this non-linearity – losses stay near zero for almost the 

entire sweep before rising abruptly to roughly €160 million in the final centimetres of sea-level rise, 

overtaking San Pedro del Pinatar and Los Alcázares – while Lorca’s coastal economic exposure 

remains negligible throughout. 

Figure 2-51 breaks the region-wide damage total down by asset category — residential, industrial, 

infrastructure, agriculture, green areas and water bodies — for the four headline scenarios used 

throughout this section (RCP4.5 and RCP8.5 at 2050 and 2100), showing how the composition of 

damage, not just its magnitude, shifts with the scenario. 
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Figure 2-51 Damage composition by asset category for the Región de Murcia, under RCP4.5/RCP8.5 2050/2100. A 
municipality-level breakdown for Cartagena is given in Figure 2-53. 

An alternative, municipality-resolved view of the same results is given in Figure 2-52: the inner ring 

shows each municipality’s share of total flooded area and the outer ring its share of total economic 

cost, for the same four scenarios, using a single consistent legend across all four panels. 
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Figure 2-52 Municipal shares of total flooded area (inner ring) and total economic cost (outer ring) under RCP4.5-2050 (0.23 
m SLR), RCP8.5-2050 (0.29 m), RCP4.5-2100 (0.50 m) and RCP8.5-2100 (0.81 m). 

Cartagena, identified above as one of the two largest contributors to projected coastal damage, also 

has a category-level breakdown analogous to Figure 2-51 but specific to the municipality. Figure 2-

53 shows this breakdown: absolute damage by asset category against flood height (top panel) and 

the same damage expressed as a share of the municipal total (bottom panel). The infrastructure-

damage series shows an abrupt increase at approximately 0.12–0.13 m of flood height — a 

municipality-specific critical height not visible in the regional aggregate (Figure 2-51). 
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Figure 2-53 Damage composition by asset category for the municipality of Cartagena: absolute damage (top) and share of 
total damage (bottom), both against flood height. 

Beyond the damage-cost outputs above, the Phase 2 coastal model also supports municipal land-

use planning directly, by overlaying projected flood water depth on parcels currently classified as 

developable land. Figure 2-54 illustrates this application for the Salinas de Marchamalo area: 

projected water depth (0.001–0.646 m) under RCP8.5 (2100) is shown against developable land and 

points of interest, allowing planners to identify which currently undeveloped parcels would be 

exposed before committing them to development. 
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Figure 2-54 Projected flood water depth (0.001–0.646 m) under RCP8.5 (2100) overlaid on developable land and points of 
interest, Salinas de Marchamalo. 

The same planning approach is illustrated for a second coastal area in Figure 2-55, which compares 

the more moderate RCP4.5 (2050) scenario (left) against the more severe RCP8.5 (2100) scenario 

(right) for an identical area, showing how the extent of projected water depth over developable land 

grows between the two planning horizons. 

 

   

Figure 2-55 Projected flood water depth overlaid on developable land and points of interest for a second coastal area, under 
RCP4.5 (2050) (left) and RCP8.5 (2100) (right). 
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Comparison with Phase 1. These results cannot be benchmarked against a Phase 1 coastal damage 

baseline, for the reason noted above: none exists in Phase 1’s own report. What can be said is that 

Phase 2’s coastal risk assessment is, for the first time, disaggregated to the municipality level, 

validated against a real historical flood event, and continuous across the full plausible SLR range 

rather than confined to a handful of discrete scenarios — a substantive methodological advance 

over Phase 1’s coastal workflow, even where, as here, it cannot be reduced to a single comparable 

euro figure. 

 

2.3.3 Workflow #3: Heatwaves 

Table 2-27 Data overview workflow #3 

Hazard data Vulnerability data Exposure data Impact metrics/Risk 

output 

EuroHEAT dataset, 12 km 

grid (the only hazard layer 

in either workflow with an 

explicitly stated 

resolution), defining 

heatwave days via 

Tmax/Tmin percentile 

thresholds for July–

August; RCP4.5/RCP8.5. 

Phase 1’s table lists 

periods 1971–

2000/2011–2040/2041–

2070/2071–2100, while 

its operational text 

instead uses a 1986–

2015 baseline with 2036–

2065/2066–2095 

horizons (D1, Table 2-14, 

§2.3.3.1). Not updated in 

Phase 2. 

10×10 qualitative risk 

matrix combining 

heatwave hazard metrics 

with population exposure, 

rather than a continuous 

damage function. 

Population base restricted 

to residents aged ≥75, 

using stationary 2020 age-

band density rasters — D1 

itself flags this as likely to 

underestimate future 

vulnerability in an ageing 

region. Not updated in 

Phase 2. 

EuroHEAT regional hazard 

layers combined with 

WorldPop population-

distribution data, 

producing multi-scale 

exposure/risk maps (D1, 

Table 2-14). Not updated 

in Phase 2. 

Heatwave frequency rising 

from ≈3 events/year at 

baseline to >50 events/year 

by late century under RCP8.5 

(±10 events), with interior 

counties seeing an ≈10× 

increase and southern 

coastal counties an ≈8× 

increase; highest population-

weighted risk in Campo de 

Cartagena and the Segura 

valley. Unlike floods and 

drought, D1 reports no 

monetary (€) damage figure 

for heatwave — risk is 

expressed only via frequency, 

relative multiples, population 

exposure and fatality counts 

(22 heat-related deaths in 

Murcia, summer 2025). 

2.3.3.1 Hazard assessment 

Phase 2 does not quantitatively re-run the heatwave workflow. This is not because heatwave risk is 

considered less relevant, but because the Phase 1 heatwave assessment did not show the same 

level of internal inconsistency or methodological divergence identified for the flood and drought 

workflows. The Phase 1 heatwave outputs are therefore retained as the quantitative baseline and 

are interpreted in Phase 2 together with stakeholder evidence on social vulnerability, public facilities, 

outdoor work, urban heat and health-related impacts. Phase 1’s heatwave hazard assessment uses 

the EuroHEAT dataset (12 km grid, the only hazard layer in either workflow with an explicitly stated 

resolution), defining heatwave days via maximum/minimum temperature percentile thresholds for 

July–August, under RCP4.5 and RCP8.5 (D1, Table 2-14). Phase 1’s table lists assessment periods 

of 1971–2000/2011–2040/2041–2070/2071–2100, while its operational analysis instead uses a 

1986–2015 baseline with 2036–2065 and 2066–2095 horizons (D1, §2.3.3.1) — a discrepancy 

between Phase 1’s own table and text that is likewise reported as found. D1 projects a sharp rise in 
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heatwave frequency, from roughly 3 events/year at baseline to over 50 events/year by late century 

under RCP8.5 (±10 events; roughly half under RCP4.5), with interior areas seeing an approximately 

10× increase and southern coastal areas an approximately 8× increase relative to the 1986–2015 

baseline, and names the Region of Murcia as “one of the European hotspots” for this hazard. Recent 

named episodes include the 2022 heatwave (45.1°C, an unprecedented daily high) and summer 

2025 — the warmest on record at the Alcantarilla station, with 21 days above 35°C in June 2025 

alone, against a five-day average. 

2.3.3.2 Risk assessment  

Phase 1’s heatwave risk assessment uses a 10×10 qualitative risk matrix rather than a continuous 

damage function, combining hazard metrics with a population base restricted to residents aged ≥75 

and stationary 2020 age-band density rasters — a simplification D1 itself flags as likely to 

underestimate future vulnerability in an ageing region. Vulnerable population concentrates in the 

south and southwest of the region, particularly Campo de Cartagena and the Segura valley (Vega 

Media and Vega Alta), with D1 projecting nearly the entire region to exceed medium risk by late 

century. Unlike floods and drought, D1 reports no monetary (€) damage figure for heatwave; risk is 

instead expressed through event frequency, relative multiples and population exposure, alongside 

reported mortality — D1 cites 22 heat-related deaths in Murcia in summer 2025, more than double 

the 2024 figure, with 13 fatalities in a single week of August. 

2.3.4 Additional assessments based on local models and data 

Beyond the workflow-specific updates presented in Sections 2.3.1 to 2.3.3, Phase 2 includes several 

additional analyses based on regional, national and local datasets. These analyses were not 

designed as separate hazard workflows, but as methodological refinements intended to test, 

validate or improve the Phase 1 results. 

For agricultural drought, Phase 2 substantially updates the rainfed-agriculture risk assessment by 

integrating regional crop-specific parameters, official production and price data, and spatially 

explicit rainfed crop exposure. This update produces revised yield-loss estimates and a corrected 

economic-loss estimate illustrated for almond, while identifying remaining needs for local 

calibration, validation and extension of the economic valuation to all crops. 

For river flooding, Phase 2 compares European and Spanish national hazard and exposure sources, 

including JRC and CNIG flood maps and LUISA and SIOSE land-use layers. This comparison shows 

how strongly the choice of hazard source affects estimated flooded area and economic damage. 

For coastal flooding, Phase 2 adds a dedicated high-resolution sea-level-rise and damage 

assessment based on the IGN/PNOA 5 m DEM, hydraulic-connectivity modelling, a continuous sea-

level-rise sweep and municipality-level damage estimation. This provides a more planning-relevant 

assessment of coastal exposure and damage than the coarser Phase 1 approach. 

No equivalent local quantitative re-run was conducted for heatwaves in Phase 2. The Phase 1 

heatwave workflow is retained as the quantitative baseline because it did not show the same level 

of internal inconsistency or data-source divergence identified for flood and drought. Its 

interpretation is nevertheless strengthened through stakeholder evidence on social vulnerability, 

public facilities, outdoor work, urban heat and health-related impacts. 
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2.4 Key Risk Assessment Findings  

2.4.1 Mode of engagement for participation 

REGMURCIA’s stakeholder engagement and participation process is described in full in Section 

2.1.5, including the institutional profile, role and rationale for selecting each participant, and a 

synthesis of all nine interviews completed for Phase 2 (IMIDA; DG IMAS; DG Industria Alimentaria y 

Asociacionismo Agrario; Dirección General de Ordenación del Territorio y Arquitectura; FECOAM; 

AMETSE; the Agencia Local de la Energía y Cambio Climático of the Ayuntamiento de Murcia; ITREM; 

and Ecologistas en Acción Región de Murcia), the last of which closed too close to submission for 

its findings to be incorporated into the analysis below; this will be addressed in a subsequent update. 

Rather than repeating that material, this subsection reflects specifically on the feedback most 

relevant to the risk evaluation carried out below. 

Three themes from the interviews carry directly into the severity, urgency and capacity assessments 

in Sections 2.4.3–2.4.5. First, IMIDA’s representative (Joaquín Francisco Atenza Juárez) and the DG 

IMAS interview (Francisco Honesto Castella Molina) both pointed to institutional coordination and 

the translation of diagnosis into applied policy as the area of greatest difficulty, with the 

incorporation of adaptation measures still at an early stage of implementation. Second, AMETSE’s 

representative (Ginés Mirón Gallego) provided direct testimony on flash-flood response capacity in 

the Campo de Cartagena, including an explicit comparison with the October 2024 Valencia DANA, 

which informs the upward revision of river flooding’s severity and urgency below. Third, the DG IMAS 

interview also raised a heat-specific concern – ageing and undersized climate-control equipment in 

residential and day-care centres for elderly and disabled users, compounded by slow procurement 

procedures – that is incorporated into the heatwave capacity assessment in Section 2.4.5. Interview 

evidence specific to coastal flooding is less extensive than for drought, river/pluvial flooding and 

heatwaves, but it is present in the ITREM and spatial-planning interviews, especially regarding 

tourism, coastal erosion, the Mar Menor and long-term land-use planning. 

2.4.2 Gather output from Risk Analysis step 

Risk evaluation in this subsection draws on two sets of Risk Analysis outputs from Section 2.3. For 

river and coastal floods (Section 2.3.2), Phase 2 carried out a quantitative deepening: a comparison 

of JRC versus CNIG hazard maps at the 10-, 100- and 500-year return periods (Table 2-25), and the 

resulting economic damage estimates under four hazard-map/exposure-layer combinations – 

JRC+LUISA, JRC+SIOSE, CNIG+LUISA and CNIG+SIOSE – benchmarked against Phase 1’s own 

Phase 1 figures (Table 2-26). This deepening is comprehensive for both hazards, though structured 

differently: for river flooding, Phase 2 compares JRC against CNIG hazard maps under the same 

discrete return periods used in D1; for coastal flooding, Phase 2 replaces Phase 1’s discrete-return-

period GTSMv3.0 approach with new bathtub-model hazard modelling on a continuous 0–100 cm 

sea-level-rise sweep, paired with a validated vulnerability function and municipality-level damage 

estimates (Table 2-24). For agricultural drought (Section 2.3.1), Phase 2 provides revised workflow 

outputs based on regional crop-specific parameters, official production and price records, official 

crop surfaces and spatially explicit rainfed exposure data. These outputs replace the less coherent 

Phase 1 drought-loss estimates and are used in the KRA as the updated technical evidence for 

drought risk. For heatwave (Section 2.3.3), Phase 2 retains the Phase 1 quantitative outputs because 

this workflow did not show the same degree of methodological inconsistency detected for flood and 
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drought. Stakeholder evidence is used to strengthen the interpretation of heatwave severity, urgency 

and resilience capacity. 

In addition to these Section 2.3 outputs, the evaluation below also draws on Phase 1’s own 

preliminary Key Risk Assessment (D1, Figure 2-27 and Sections 2.4.1–2.4.3) – its severity, urgency, 

capacity and priority ratings for all four hazards – as the explicit baseline against which Phase 2’s 

findings are compared in Sections 2.4.3 to 2.4.6. 

2.4.3 Assess Severity 

REGMURCIA assessed severity for each of the four hazards using the same four-tier CLIMAAX scale 

applied in D1 – limited, moderate, substantial and critical – for both current and future risk. In Phase 

2, this assessment is informed by the updated river and coastal flood evidence in Section 2.3.2 and, 

for all four hazards, by the stakeholder testimony gathered in eight of the nine interviews completed 

to date (Section 2.1.5). 

The assessment below is organised hazard by hazard. Phase 1’s rating for heatwave is carried 

forward without modification because the workflow was not quantitatively re-run in Phase 2 and did 

not show the same level of inconsistency identified for flood and drought. Agricultural drought, by 

contrast, is not simply carried forward: its critical severity is confirmed and strengthened by the 

updated Phase 2 drought workflow, which provides a more coherent regional expected-loss 

assessment for rainfed agriculture. River flooding’s rating is revised in light of the new evidence in 

Section 2.3.2. Coastal flooding’s rating is also carried forward, but not for lack of new evidence: 

Phase 2 produced substantial new coastal hazard and risk evidence (Section 2.3.2), yet Phase 1 

provides no coastal euro-damage baseline against which to benchmark it, so the rating itself is 

retained pending that comparison. 

● Agricultural drought (critical – confirmed and strengthened in Phase 2). D1 documented 

Segura Basin reservoir levels consistently among the lowest in Spain, agricultural losses 

above 40% for almonds and olives, and recurrent crises in citrus and horticultural crops 

across more than 100,000 ha of exposure, alongside a further 150,000+ ha of non-citrus fruit 

trees and cereals at risk. Phase 2 updates the drought workflow with regional crop, 

production, surface and rainfed-exposure evidence, producing a more coherent expected-

loss assessment for rainfed agriculture. This confirms and strengthens the critical severity 

rating assigned in Phase 1, rather than merely carrying it forward. IMIDA’s interview (Section 

2.1.5) corroborates this qualitatively: its representative described crop vulnerability as 

resting on a “fragile equilibrium” (equilibrio frágil), contrasting the roughly three-month 

adaptive cycle of horticultural crops with the much longer, five-to-ten-year exposure window 

of fruit-tree plantations, which cannot be substituted quickly once a multi-year drought cycle 

sets in. 

● River flooding (revised from substantial to critical). Phase 1’s own preliminary assessment, 

based on JRC European flood hazard maps, already cautioned that this preliminary CRA 

should be viewed with caution in light of the significant discrepancy between current 

exposure data modelled by the CLIMAAX CRA and official flood mapping, and anticipated 

that incorporating national datasets in Phase 2 would likely see river flooding reclassified as 

Very High priority. The D2 deepening in Section 2.3.2 substantiates that expectation: CNIG 

national hazard maps show flooded areas 1.6 to 3.1 times larger than JRC’s at the 10-, 100- 

and 500-year return periods, and the CNIG+SIOSE damage estimates (€1,593M / €5,708M / 
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€10,383M) are an order of magnitude above the JRC+SIOSE estimates Phase 1 relied on 

(€621M / €1,158M / €1,474M) – though, as discussed in Section 2.3.2, neither fully matches 

Phase 1’s own independently-derived Phase 1 figures, a discrepancy that is analysed there 

rather than treated as resolved. AMETSE’s testimony (Section 2.1.5) reinforces the upward 

revision qualitatively: the Campo de Cartagena is described by its representative as “un 

embudo” (a funnel) where intensive agriculture has flattened the terrain such that rainfall in 

Sucina can reach Los Alcázares in roughly twenty minutes, with an explicit comparison to 

the October 2024 Valencia DANA – “si se hubiera producido en Murcia los desastres 

hubieran sido tremendos” (had it occurred in Murcia, the disasters would have been 

tremendous). 

● Coastal flooding (moderate; rating retained, evidence base substantially renewed in Phase 

2). Phase 2 has now generated genuinely new coastal hazard and risk evidence, superseding 

the earlier, more limited exposure-layer-only comparison: a bathtub-with-hydraulic-

connectivity model run continuously across the full 0–100 cm sea-level-rise range on a 5 m 

DEM, a vulnerability function validated against the September 2019 Los Alcázares flood, and 

municipality-level damage estimates (Section 2.3.2; University of Murcia collaboration). The 

new analysis identifies municipality-specific critical heights at which flooded area increases 

abruptly (approximately 37 cm and 65 cm of sea-level rise for San Pedro del Pinatar), a non-

linear behaviour that Phase 1’s coarser, discrete-return-period approach could not detect. 

This finding gives quantitative substance to Phase 1’s own forward-looking caveat that 

today’s 100-year storm surge could recur every 20–30 years by mid-century under +30–50 

cm of sea-level rise, which D1 anticipated would elevate severity toward substantial-to-

critical over time. Because D1 itself reports no coastal euro-damage baseline against which 

to benchmark Phase 2’s new municipality-level figures (Section 2.3.2), the rating is retained 

at moderate for present-day conditions, pending Phase 3’s fuller integration of these results. 

No interview to date has provided testimony specific to coastal flooding (Section 2.4.1). 

● Heatwave (substantial-to-critical – carried forward from D1). Phase 1 documented record 

summers in 2022 and 2025, with maximum temperatures above 45°C and more than 20 heat-

related fatalities in a single season, and projected 12–18 additional tropical nights per year 

by 2050 under SSP5-8.5. Phase 2 did not generate new AEMET or demographic exposure 

data for this hazard (Section 2.3.3), so this rating is carried forward rather than re-derived. 

The DG IMAS interview adds a relevant qualitative perspective: its representative described 

the users of residential and day-care centres for elderly people and people with disabilities 

as “usuarios muy vulnerables” (very vulnerable users) and identified climate-control 

(climatización) equipment failures – ageing units nearing the end of their service life, with 

no political-level plan for replacement – as a recurring problem in exactly the facilities where 

heat exposure is most consequential. 

2.4.4 Assess Urgency 

REGMURCIA assessed urgency for each of the four hazards using the same four-tier CLIMAAX scale 

applied in D1: no action needed, watching brief, more action needed, and immediate action needed. 

Phase 1’s narrative descriptions for each hazard (D1, Section 2.4.2) did not assign these formal tiers 

explicitly; the labels used below make that mapping explicit for the first time, on the basis of Phase 

1’s own wording. 
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The assessment below follows the same hazard-by-hazard structure as Section 2.4.3, followed by 

two cross-cutting observations on speed of onset and on stakeholder perspectives that apply across 

all four hazards. 

● Agricultural drought (immediate action needed). Phase 1 characterised drought as 

demanding continuous and escalating action: because its cumulative, slow-building impacts 

leave a narrowing window for effective adaptation, Phase 1 concluded that without 

immediate investment in water-use efficiency, irrigation governance and groundwater 

recovery, losses would become irreversible. Phase 2 did not generate new hydrological 

projections (Section 2.3.1), so this classification is carried forward unchanged. 

● River flooding (revised to immediate action needed). Phase 1 described river flooding as a 

high-urgency hazard because extreme rainfall events develop suddenly and leave little 

reaction time, citing urbanisation of flood-prone areas and asset concentration in the Segura 

floodplain, though it stopped short of assigning this hazard the top formal urgency tier. The 

evidence gathered in Phase 2 supports moving it there: AMETSE’s representative described 

local flash-flood response capacity in stark terms – “la capacidad de respuesta es muy poca 

y, como estamos hablando de [...] minutos” (response capacity is very limited, and we are 

talking about a matter of minutes) – and described the Paretón diversion channel, built at 

the end of the nineteenth century, as having left the basin “hiperregulada” (hyper-regulated) 

in ways that concentrate rather than disperse flows. Combined with the revised severity 

rating in Section 2.4.3, this points to immediate action needed rather than Phase 1’s more 

qualified high-urgency framing. 

● Coastal flooding (more action needed; rating retained, evidence base substantially renewed 

in Phase 2). D1 assessed coastal flooding as having low near-term urgency, since severe 

impacts are not expected until after mid-century, but stressed that strategic urgency remains 

high: adaptation planning, coastal-defence inventories and land-use controls need to be 

enacted now to avoid locking in future exposure. Phase 1 captured this as urgency that is 

deferred but inevitable. Phase 2’s new continuous sea-level-rise modelling (Section 2.3.2) 

reinforces this characterisation with municipality-specific evidence: the critical heights 

identified for San Pedro del Pinatar (approximately 37 cm and 65 cm of sea-level rise) show 

that the timeline to abrupt impact is not uniform across the coast and, in at least some 

municipalities, may be reached well before the mid-century horizon Phase 1 had in mind. 

This sharpens, rather than overturns, Phase 1’s deferred-but-inevitable framing: the urgency 

rating is retained, but Phase 3 should prioritise the municipalities where critical heights fall 

earliest within the plausible sea-level-rise range. 

● Heatwave (immediate action needed). Phase 1 rated heatwaves as carrying immediate 

urgency, given their rapid onset and the more than 20 heat-related fatalities recorded in the 

2025 season alone, and called for urgent action on public-health preparedness, labour 

protection and urban cooling. Phase 2 did not generate new exposure or mortality data for 

this hazard (Section 2.3.3), so this rating is carried forward unchanged. 

● Speed of onset across hazards. Onset speed differentiates urgency across the four hazards. 

River flooding and heatwaves are sudden-onset hazards where the window between warning 

and impact is measured in minutes to hours, leaving little margin for reactive response and 

placing the emphasis on pre-positioned measures. Agricultural drought is a slow-onset, 
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cumulative hazard where urgency derives from a narrowing adaptation window rather than 

an imminent event. Coastal flooding combines a slow-onset driver (sea-level rise) with 

episodic storm-surge events, which is why its urgency is better understood as strategic and 

anticipatory rather than immediate. This distinction, rather than severity alone, explains why 

river flooding and heatwaves require operational readiness now, while drought and coastal 

flooding require sustained planning horizons. 

● Stakeholder perspectives. Stakeholder testimony reinforces this urgency picture without 

contradicting it. AMETSE’s representative situated current flash-flood vulnerability explicitly 

against the October 2024 Valencia DANA, warning that the Campo de Cartagena’s funnel-

like topography and hyper-regulated drainage network mean a comparable event could be at 

least as damaging locally. IMIDA’s and DG IMAS’s representatives, in turn, pointed less to the 

urgency of any single hazard than to a cross-cutting institutional bottleneck: both described 

the translation of risk diagnosis into applied, funded measures as slow relative to the pace 

at which the underlying hazards are evolving – a perspective that argues for treating 

institutional and procurement urgency as a complement to the hazard-specific ratings above, 

rather than as a separate category. 

2.4.5 Understand Resilience Capacity 

REGMURCIA assessed resilience capacity for each of the four hazards using the same four-tier 

CLIMAAX scale applied in Phase 1: low, medium, substantial, and high, considering financial, human, 

natural, physical and social dimensions of capacity. Phase 1’s ratings for all four hazards are carried 

forward unchanged: Phase 2’s quantitative deepening (Section 2.3.2) addressed hazard and 

exposure for river and coastal flooding, not adaptive or institutional capacity, so no hazard’s capacity 

rating is revised here even though river flooding’s severity and urgency are revised above. Where 

available, the eight completed stakeholder interviews are used to corroborate, rather than 

recalculate, Phase 1’s capacity ratings. 

● Agricultural drought (substantial-to-medium). Phase 1 found CARM to have substantial-to-

medium capacity here: the region is globally recognised for advanced irrigation systems, 

desalination and wastewater reuse, providing a significant buffer against water scarcity. 

However, Phase 1 also noted that these measures are energy-intensive, costly, and 

insufficient to offset aquifer overdrafts and long-term structural water deficits, leaving 

natural capacity low and undermining resilience despite technological progress. Phase 2 did 

not generate new data on irrigation infrastructure or aquifer status (Section 2.3.1), so this 

rating is carried forward unchanged. 

● River flooding (medium). Phase 1 rated river flooding capacity as medium: the basin benefits 

from SAIH monitoring, SNCZI flood maps and civil protection protocols, but gaps persist in 

drainage infrastructure, enforcement of floodplain zoning, and ecosystem-based buffers, so 

current measures reduce but do not neutralise high losses when extreme events occur. 

Phase 2’s deepening (Section 2.3.2) addressed hazard and exposure, not response capacity, 

so this rating is carried forward unchanged even though severity and urgency are revised 

upward above. AMETSE’s testimony, if anything, corroborates rather than improves this 

picture, describing the existing Paretón diversion channel as concentrating rather than 

mitigating flows. 
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● Coastal flooding (medium). Phase 1 rated coastal flooding capacity as medium: the PIMA 

Adapta-Murcia programme has improved hazard mapping and raised awareness, but full 

inventories of coastal defences are lacking and ecosystem-based adaptation remains 

underdeveloped; financial and technical resources are accessible, but institutional 

coordination is partial. Phase 2’s coastal deepening (Section 2.3.2) substantially advanced 

the hazard and risk evidence base – new continuous sea-level-rise modelling, a validated 

vulnerability function, and municipality-level damage estimates – but did not itself address 

institutional or financial adaptive capacity, so this capacity rating specifically is carried 

forward unchanged. The new municipality-level results are, however, a directly actionable 

input for the hazard-mapping and planning work Phase 1 identified as already underway. 

● Heatwave (medium-to-low). Phase 1 found CARM to have medium-to-low capacity for 

heatwaves: Spain operates robust meteorological alerts, and human and institutional 

expertise is strong, yet CARM lacks sufficient cooling shelters, social protection for 

vulnerable groups, and housing insulation to cope with persistent nocturnal heat, so social 

and infrastructural adaptation measures lag behind hazard intensification. The DG IMAS 

interview corroborates this gap directly for one of the region’s most exposed populations: its 

representative described climate-control equipment in residential and day-care centres for 

elderly people and people with disabilities as ageing and failure-prone – “fue un desastre” (it 

was a disaster) in one documented episode – and identified slow procurement procedures 

and the absence of a political-level replacement plan as compounding factors. Phase 2 did 

not generate new quantitative capacity data for this hazard (Section 2.3.3), so Phase 1’s 

medium-to-low rating is carried forward, with this stakeholder evidence added as qualitative 

corroboration. 

2.4.6 Decide on Risk Priority 

Following Phase 1’s own approach (D1, Figure 2-27), REGMURCIA presents risk priority directly in 

this subsection as an in-text table rather than as a separately completed instance of the external 

evaluation dashboard referenced in the Key Risk Assessment Protocol. Table 2-28 below combines 

the severity, urgency and capacity ratings assigned in Sections 2.4.3 to 2.4.5 into an overall risk 

priority for each hazard, and sets Phase 2’s priority alongside Phase 1’s own Phase 1 priority for 

direct comparison. 
Table 2-28 Comparison of Phase 1 (D1) and Phase 2 risk priority ratings, by hazard 

Hazard Severity Urgency Capacity Phase 1 

Priority 

Phase 2 

Priority 

Agricultural 

drought 

Critical Immediate 

action needed 

Substantial-to-

medium 

Very High Very High 

(confirmed) 

River flooding Critical (revised 

from Substantial) 

Immediate 

action needed 

(revised) 

Medium High Very High 

(revised) 

Coastal 

flooding 

Moderate More action 

needed 

Medium Moderate Moderate 

(unchanged) 

Heatwave Substantial-to-

critical 

Immediate 

action needed 

Medium-to-low Very High Very High 

(unchanged) 
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The headline change is river flooding’s move from High (Phase 1) to Very High (Phase 2), driven by 

the revised severity and urgency ratings in Sections 2.4.3 and 2.4.4 above; its resilience capacity 

rating remains medium, unchanged from Phase 1. Heatwave retains Phase 1’s priority, not because 

the risk is less relevant, but because the Phase 1 heatwave workflow did not show the same level of 

inconsistency identified for flood and drought and was therefore retained as the quantitative 

baseline (Section 2.3.3). Agricultural drought also remains Very High, but its rating is now supported 

by the updated Phase 2 drought workflow, which uses regional crop, production, surface and rainfed-

exposure data to provide a more coherent expected-loss assessment for rainfed agriculture (Section 

2.3.1). Coastal flooding retains its technical Phase 1 priority in Table 2-28 because Phase 1 provides 

no directly comparable coastal euro-damage baseline against which to benchmark the new Phase 

2 municipality-level results. However, this technical rating is complemented by the stakeholder-

based and integrated comparison in Sections 2.4.7 and 2.4.8, where coastal flooding and erosion 

are interpreted as a High strategic priority for coastal municipalities, tourism, the Mar Menor and 

future land-use planning. With this revision, agricultural drought, river/pluvial flooding and heatwave 

carry Very High priority in the technical KRA, while coastal flooding remains Moderate in the strictly 

comparable D1-D2 technical table but is treated as a High strategic priority in the integrated 

interpretation. 

2.4.7 Stakeholder-based Key Risk Assessment 

This section presents a stakeholder-based Key Risk Assessment derived from the quantitative 

survey and semi-structured interviews. It is designed as a perception- and governance-based 

assessment of severity, urgency, resilience capacity and overall risk priority for the main climate 

hazards considered in REGMURCIA CLIMAAX. The analysis does not replace the regionalized 

modelling results of the CLIMAAX workflows. Instead, it provides an independent stakeholder-

evidence layer that is compared with the technical outputs in Section 2.4.8 and will be further 

validated with stakeholders during Phase 3. 

The structure follows the logic of the preliminary Key Risk Assessment carried out in Phase 1, which 

classified droughts and heatwaves as very high priority hazards, river flooding as high, and coastal 

flooding as moderate, while noting that the integration of higher-resolution regional datasets during 

Phase 2 could modify this balance. The stakeholder-based assessment developed here is therefore 

particularly useful for identifying whether the perception of regional actors anticipates, confirms or 

qualifies the expected reclassification of risks when more detailed exposure, vulnerability and 

capacity information is incorporated. 

2.4.7.1 Methodological approach 

The scoring combines two complementary stakeholder-evidence streams. The survey provides a 

broad and comparable measure of perceived adaptation priority, concern and institutional capacity 

across 67 response records. The interviews provide a more detailed qualitative interpretation of risk 

severity, urgency, response capacity, barriers and sectoral impacts. To make both evidence streams 

comparable, the assessment uses a qualitative 0–3 scale consistent with the interview coding logic: 

0 = not relevant or not identified, 1 = low or secondary, 2 = relevant/substantial, and 3 = very high or 

critical (Table 2-29). 
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Four dimensions were considered. Current severity reflects the perceived present importance of 

impacts already observed or operationally recognised by stakeholders. Future severity reflects the 

expected intensification, persistence or territorial expansion of these impacts. Urgency captures the 

perceived need for action in the short term, considering both rapid-onset hazards and slow-onset 

cumulative risks. Resilience capacity refers to the perceived ability of institutions, sectors and 

territories to anticipate, respond to and adapt to each risk. In the figure and tables below, a higher 

resilience-capacity score indicates stronger response capacity, while low or moderate scores 

indicate an implementation gap. 

Table 2-29 Evidence streams and scoring logic used for the stakeholder-based Key Risk Assessment. 

Dimension Main evidence used 
Interpretation in this 

section 
Scale 

Current severity 

Interview severity coding; 

survey concern and hazard-

specific adaptation 

priorities. 

How serious the risk is 

perceived to be under 

current conditions. 

0–3 

Future severity 

Interview expectations of 

future evolution; survey 

likelihood and concern 

items. 

Expected intensification, 

persistence or expansion of 

impacts. 

0–3 

Urgency 

Interview urgency coding; 

stakeholder priority 

assigned to adaptation 

measures. 

Need for short-term or 

strategic action before risk 

becomes harder to 

manage. 

0–3 

Resilience capacity 

Interview response-

capacity coding; survey 

indicators on budget, 

training, monitoring, 

evaluation, information use 

and resilience. 

Perceived capacity to 

anticipate, implement and 

sustain adaptation 

measures. Higher values 

indicate stronger capacity. 

0–3 

Risk priority 

Synthesis of severity, future 

severity, urgency and 

capacity gap. 

Qualitative priority for later 

comparison with workflow 

outputs and risk modelling. 

Low / Moderate / High / 

Very high 

 

2.4.7.2 Stakeholder-based risk ranking 

The stakeholder-based Key Risk Assessment indicates substantial to critical severity and urgency 

for the main climate risks identified in REGMURCIA CLIMAAX. Agricultural droughts and heatwaves 

are perceived as critical both in current and future terms, while river flooding is considered 

substantial at present and critical in future and urgent terms. Coastal flooding and erosion are 

perceived as less transversal than the other hazards, but still substantial to critical in strategic and 

future terms, particularly for coastal planning, tourism and the Mar Menor. The main limiting factor 

identified by stakeholders is not low risk perception, but resilience capacity. Across the consultation, 

stakeholders repeatedly point to medium or medium-low response capacity due to coordination 

gaps, administrative delays, insufficient funding, lack of technical staff, uneven monitoring and 

difficulties in translating climate-risk evidence into implemented measures. 
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Figure 2-56 Stakeholder-based Key Risk Assessment for the Region of Murcia through risk ranking, considering current 
severity, future severity, urgency and resilience capacity. Source: REGMURCIA CLIMAAX stakeholder survey and interview 
coding. 

Figure 2-56 shows a clear pattern: the hazards perceived as most severe and urgent are not 

necessarily those for which response capacity is strongest. Agricultural drought, rapid flooding and 

extreme heat all reach very high values for severity and urgency, but resilience capacity remains only 

moderate. This gap is central for the CLIMAAX assessment because it suggests that risk priority is 

driven not only by hazard intensity or exposure, but also by the ability of institutions and sectors to 

implement adaptation measures in time. 

2.4.7.3 Severity 

From the stakeholder perspective, agricultural drought remains a very severe risk because it is not 

perceived only as a meteorological anomaly or a water-deficit indicator. Survey respondents 

assigned very high importance to water saving, treated wastewater reuse, soil-moisture 

conservation, aquifer and wetland protection, and limits on water-intensive expansion. Interviews 

further specify that drought affects dryland productivity, crop yields, agricultural insurance, 

extensive livestock, abandonment, erosion and generational renewal. This reinforces the 

interpretation of drought as a socioeconomic and territorial risk, particularly in dryland systems 

where adaptive margins are lower. 

River and pluvial flooding also reach very high perceived severity. Stakeholders repeatedly link flood 

impacts with torrential rainfall, ephemeral streams, exposed land uses, flood-prone areas, drainage, 

early-warning capacity and territorial planning. The survey reinforces this by giving high scores to 

restoration of riverbanks and natural channels, avoidance of new construction in high-risk areas, 

early-warning systems and revision of urban planning. This pattern is important because it supports 

a broader interpretation of flooding as a territorial and governance risk, not only as a hydrological 

footprint. 

Heatwaves are perceived as a severe and increasingly multi-sectoral risk. The survey gives the 

highest average adaptation-priority score to heatwave measures, especially trees, shade, blue-green 

spaces, protection of vulnerable groups, building adaptation and urban heat-island reduction. The 

interviews add a functional dimension by linking heat to care homes, schools, public facilities, 

outdoor work, tourism, agriculture, energy demand and urban liveability. Coastal flooding and 

Risk Workflow Urgency Capacity

Risk 

Priority

C F
Resilience/

CRM

Agricultural droughts Very High

River flooding Very High

Coastal flooding High

Heatwaves Very High

Severity
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erosion show lower overall salience than the other three hazards, but the stakeholder evidence still 

points to relevant severity in exposed coastal areas, tourism destinations, the Mar Menor context 

and coastal-planning decisions. 

2.4.7.4 Urgency 

Urgency is high for drought, flooding and heat, although the temporal logic differs between them. 

Drought is a slow-onset and cumulative risk, but stakeholders describe it as urgent because delayed 

adaptation can make losses irreversible through abandonment, erosion, aquifer degradation and 

loss of agricultural viability. The urgency is therefore not associated with sudden onset, but with the 

narrowing window for effective long-term adaptation. 

Flooding and heatwaves involve a more immediate form of urgency. Torrential rainfall and rapid 

flooding can develop with short warning times, especially in ephemeral streams and small 

catchments. Stakeholders emphasise the need for preventive planning, monitoring, maintenance, 

alert systems and local communication. Heatwaves also require immediate preparedness because 

their effects on vulnerable groups, buildings, outdoor work and public services occur during short 

but increasingly frequent episodes. Coastal flooding and erosion present a more strategic urgency: 

impacts may be spatially concentrated and, in some cases, longer-term, but current planning 

decisions can lock in future exposure if coastal development, infrastructure and tourism pressure 

are not managed preventively. 

2.4.7.5 Resilience capacity 

The most important result of the stakeholder-based assessment is the gap between high perceived 

priority and only moderate resilience capacity. Survey results show limited dedicated adaptation 

budgets, uneven training, low monitoring and evaluation scores, and only moderate use of climate-

risk maps and technical analyses outside specific domains such as river flooding. Interviews 

confirm this implementation gap by repeatedly identifying institutional fragmentation, 

administrative slowness, insufficient funding, competence conflicts, short political cycles, lack of 

technical staff and limited citizen participation. 

For drought, existing capacities such as irrigation efficiency, treated wastewater reuse, desalination, 

agricultural knowledge and agroclimatic monitoring are recognised, but stakeholders still perceive 

them as insufficient to address structural water scarcity, dryland viability and long-term territorial 

degradation. For flooding, the existence of flood maps, civil-protection experience, warning systems 

and hydrological monitoring does not fully compensate for exposed land uses, insufficient 

enforcement of planning restrictions and the need for more localised early-warning information. For 

heatwaves, meteorological alerts exist, but the stakeholder evidence points to weaker capacity in 

cooling shelters, climate-proofing of public buildings, protection of vulnerable groups, labour 

adaptation and urban cooling. Coastal capacity is also moderate, with needs related to integrated 

planning, ecosystem-based protection, inventories, coastal defence assessment and coordination 

between tourism, territorial planning and environmental management. 
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2.4.7.6 Stakeholder-based risk priority and comparison with Phase 1 

The stakeholder-based assessment broadly confirms the main risk areas identified during Phase 1, 

but it modifies their relative interpretation. Agricultural drought remains a very high priority from the 

stakeholder perspective, especially because interviews place strong emphasis on dryland viability, 

abandonment, insurance, erosion and generational renewal. This is relevant because the preliminary 

Phase 1 assessment anticipated that more detailed exposure and vulnerability data could potentially 

downgrade agricultural drought from very high to high; Phase 2 began assembling part of that 

evidence base (Section 2.3.1), though without yet recalculating the headline classification from it. 

Stakeholder evidence suggests that any future technical reclassification should still preserve the 

structural territorial importance of dryland systems. 

River flooding is the risk for which stakeholder evidence most clearly reinforces an upward 

reassessment. In the preliminary Phase 1 Key Risk Assessment it was classified as high, with the 

expectation that higher-resolution datasets could lead to a very high classification. The stakeholder 

assessment supports this expectation: interviews and survey responses consistently point to 

torrential rainfall, ephemeral streams, land occupation, planning deficits, exposed infrastructure, 

warning time and governance capacity as key drivers of actual risk. 

Heatwaves are also confirmed as very high priority. The stakeholder contribution is especially useful 

because it expands the interpretation of heat beyond temperature indicators and mortality. Heat is 

framed as a social, urban, labour, infrastructural, agricultural and tourism-related risk. Coastal 

flooding remains less transversal than drought, heat and rapid flooding, but stakeholder evidence 

suggests that it should be treated as high and spatially concentrated rather than moderate in purely 

strategic terms, especially where coastal tourism, erosion, Mar Menor dynamics and planning 

decisions interact. 

2.4.8 Integrated comparison of D1, Phase 2 workflows and stakeholder-based risk priority 

This subsection adds an explicit triangulation layer to the Key Risk Assessment. Its purpose is to 

compare the preliminary Phase 1 risk-priority assessment, the refined Phase 2 workflow evidence 

and the stakeholder-based assessment derived from surveys and interviews. This comparison is 

important because the three evidence streams do not perform the same function. The Phase 1 

assessment provided the initial screening and prioritisation; the Phase 2 workflows refine the 

technical evidence using local and national datasets where available; and the stakeholder-based 

assessment captures perceived severity, urgency, implementation capacity and institutional 

feasibility. 

The comparison should therefore be interpreted as an integrated decision-support exercise rather 

than as a purely numerical recalculation. Agreement between the three evidence streams increases 

confidence in the priority assigned to a risk. Divergence does not necessarily indicate error; it helps 

identify where additional data, further explanation, stakeholder validation or governance measures 

are needed before adaptation priorities are closed in Phase 3. 
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2.4.8.1 Harmonised scoring logic 

To compare the three evidence streams, the qualitative categories used in the CLIMAAX Key Risk 

Assessment were harmonised into a four-level scale. For severity, the scale ranges from limited to 

critical. For urgency, it ranges from no action needed to immediate action needed. For resilience 

capacity, it ranges from low to high, where higher values indicate stronger capacity. For risk priority, 

it ranges from low to very high. Intermediate labels already used in the report, such as substantial-

to-critical or medium-to-low, were converted to midpoint values only for visualisation purposes; the 

original qualitative interpretation remains the basis for the text (Table 2-30). 

Table 2-30 Evidence streams used for the integrated comparison of risk priority 

Evidence stream Role in comparison Main contribution Main limitation 

D1 preliminary KRA Baseline reference Initial CLIMAAX-based 

prioritisation: droughts 

and heatwaves very high, 

river flooding high, coastal 

flooding moderate. 

Based on coarser 

European-scale data and 

preliminary 

exposure/vulnerability 

assumptions. 

D2 workflow-refined 

evidence 
Technical refinement Improves river and coastal 

flood evidence; deepens 

drought exposure and 

vulnerability; carries 

heatwave forward from 

D1. 

Coastal comparison with 

D1 lacks a comparable 

euro-damage baseline. 

Stakeholder-based KRA Perception and 

governance layer 
Adds evidence on 

observed impacts, 

perceived urgency, 

implementation barriers, 

response capacity and 

adaptation feasibility. 

Not statistically 

representative; reflects 

consulted stakeholders 

and must be triangulated 

with modelled results. 

 

2.4.8.2 Cross-evidence comparison of risk priority 

The integrated comparison shows that the overall direction of the assessment is highly coherent 

(Figure 2-57). Agricultural drought and heatwaves remain very high-priority risks in all evidence 

streams. River flooding shows the clearest upward correction from Phase 1 to Phase 2: it moves 

from high priority in the preliminary assessment to very high priority once national hazard data, 

refined exposure comparison and stakeholder evidence are considered. Coastal flooding and 

erosion show the main interpretative divergence. Phase 1 classified coastal flooding as moderate, 

partly because its impacts were treated as more localised and because no comparable economic-

damage baseline was available. Phase 2 coastal modelling and the stakeholder evidence both 

indicate a stronger strategic signal: while present-day coastal risk may remain spatially 

concentrated, future sea-level rise, non-linear local thresholds, tourism exposure and Mar Menor-

related pressures justify treating it as at least a high strategic priority for adaptation planning. 
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Figure 2-57 Integrated comparison of risk-priority ratings across D1, Phase 2 workflow-refined evidence and the stakeholder-
based assessment. Source: REGMURCIA CLIMAAX, based on D1, D2 workflow results, survey results and interview coding. 

The most robust agreement concerns drought and heatwaves, which are consistently placed at the 

highest priority level. For drought, the agreement is driven by the structural role of water scarcity in 

the regional economy and by the territorial vulnerability of dryland agriculture. For heatwaves, the 

agreement is driven by high present and future severity, rapid intensification and the exposure of 

vulnerable groups, buildings, labour conditions and urban systems. River flooding is the most 

important change relative to Phase 1: the technical evidence and stakeholder evidence converge in 

supporting its reclassification as very high priority. Coastal flooding is the only case where the 

comparison requires a more careful distinction between present-day conservative scoring and 

future strategic priority (Table 2-31). 

Table 2-31 Integrated comparison of risk-priority ratings and interpretation by hazard. 

Hazard D1 preliminary 

priority 

D2 workflow-

refined signal 

Stakeholder-

based priority 

Integrated interpretation 

Agricultural 

drought 
Very high Very high Very high Full agreement. Keep as very high; 

prioritise drought/agriculture 

adaptation and extend the Phase 2 

recalculation (Section 2.3.1) from the 

illustrative almond case to a fully 

costed, stakeholder-validated 

assessment across all seven rainfed 

crops in Phase 3. 

River / pluvial 

flooding 
High Very high Very high Convergent upward revision. 

Reclassify as very high due to 

CNIG/SIOSE evidence, short warning 

times, territorial exposure and 

governance barriers. 

Coastal 

flooding / 

erosion 

Moderate High strategic 

signal 
High Partial divergence. Present-day risk is 

more localised, but future modelling 

and stakeholders support high 

strategic priority, especially for coastal 
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planning, tourism and Mar Menor 

areas. 

Heatwaves Very high Very high Very high Full agreement. Keep as very high; the 

main issue is response capacity rather 

than risk recognition. 

 

2.4.8.3 Severity, urgency and resilience-capacity comparison 

The dimensional comparison confirms that stakeholder evidence does not reduce the perceived 

importance of the main risks. On the contrary, stakeholders tend to reinforce substantial-to-critical 

severity and high urgency for drought, river/pluvial flooding and heatwaves. The main difference 

appears in resilience capacity: stakeholders repeatedly identify medium or medium-low capacity to 

translate risk knowledge into implemented measures. This is consistent with the survey findings on 

budgets, staff training, monitoring and evaluation, and with the interview evidence on institutional 

coordination, administrative slowness, insufficient funding, lack of technical staff and difficulties in 

making climate-risk outputs operational (Figure 2-58). 

 

Figure 2-58 Harmonised comparison of current severity, future severity, urgency, resilience capacity and risk priority across 
evidence streams. Higher capacity values indicate stronger response capacity. Source: REGMURCIA CLIMAAX. 

This comparison has two implications for the final Climate Risk Assessment. First, risk priority 

should not be interpreted only as a function of modelled hazard intensity or expected damage. In 

several cases, especially heatwaves and river/pluvial flooding, the urgency of action is amplified by 

the limited capacity to implement preventive measures at the necessary speed. Second, the 

comparison shows that the stakeholder-based assessment is not an alternative to the workflow 

results, but a complementary validation and interpretation layer. It helps explain why certain risks 

require immediate action even where some technical outputs remain incomplete or conservative. 

Current severity Future severity Urgency
Resilience 

capacity
Risk priority

Agricultural drought-D1 preliminary KRA 4 4 4 2,5 4

Agricultural drought-D2 workflow-refined evidence 4 4 4 2,5 4

Agricultural drought-Stakeholder-based KRA 4 4 4 1,8 4

River / pluvial flooding-D1 preliminary KRA 3 3 3 2 3

River / pluvial flooding-D2 workflow-refined evidence 4 4 4 2 4

River / pluvial flooding-Stakeholder-based KRA 3,5 4 4 1,8 4

Coastal flooding / erosion-D1 preliminary KRA 2 3 2,5 2 2

Coastal flooding / erosion-D2 workflow-refined evidence 2,5 3,5 3 2 3

Coastal flooding / erosion-Stakeholder-based KRA 3 4 3 2 3

Heatwaves-D1 preliminary KRA 3,5 4 4 1,5 4

Heatwaves-D2 workflow-refined evidence 3,5 4 4 1,5 4

Heatwaves-Stakeholder-based KRA 4 4 4 1,8 4
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2.4.8.4 Agreements, divergences and implications for implementation 

The integrated assessment identifies three types of outcome. The first is strong convergence, where 

D1, Phase 2 workflows and stakeholders point in the same direction. This applies to agricultural 

drought and heatwaves. The second is evidence-based upward revision, where Phase 2 confirms an 

expected change from D1. This applies to river/pluvial flooding. The third is strategic divergence, 

where the technical evidence and stakeholder perception suggest a higher adaptation priority than 

the conservative formal rating inherited from Phase 1. This applies to coastal flooding and erosion 

(Table 2-32). 

Table 2-32 Agreements, divergences and implementation opportunities derived from the integrated comparison. 

Finding Hazards 

concerned 

Meaning for Phase 3 Potential implementation agreement 

Full convergence Agricultural 

drought; heatwaves 

Use as stable priorities for 

adaptation co-design. 

Develop no-regret packages on water efficiency, 

dryland support, heat-health protection, urban 

shade and public-building climate-proofing. 

Upward revision 

confirmed 

River / pluvial 

flooding 

Treat as very high priority in 

the final KRA and adaptation 

pathway. 

Agree on early warning, floodplain planning, 

drainage maintenance, riverbank/natural-channel 

restoration and municipal risk factsheets. 

Strategic 

divergence 

requiring 

clarification 

Coastal flooding / 

erosion 

Clarify whether the final D2 

priority remains 

conservative/moderate or is 

upgraded to high strategic 

priority based on Phase 2 

modelling and stakeholder 

evidence. 

Prioritise coastal planning review, dune/wetland 

restoration, Mar Menor-compatible management 

and avoidance of new exposure. 

Capacity gap 

across hazards 

All hazards Address implementation 

capacity as a risk amplifier. 

Create cross-cutting agreements on inter-

administrative coordination, funding continuity, 

staff training, interoperable data and 

monitoring/evaluation indicators. 

 

The integrated comparison therefore supports a practical conclusion for Phase 3: the Region of 

Murcia should not wait for a single perfectly resolved ranking before discussing adaptation 

measures. For drought, river/pluvial flooding and heatwaves, the level of agreement is already 

sufficient to begin co-designing adaptation pathways. For coastal flooding and erosion, the priority 

should be framed as high strategic priority for territorial planning, even if the present-day formal 

score is kept more conservative. Across all hazards, the strongest shared implementation agenda 

concerns enabling conditions: coordination between administrations, stable funding, technical staff 

capacity, operational data products, early-warning systems, monitoring and evaluation, and 

communication tools that can be used by municipalities, sectoral bodies and exposed communities. 

2.5 Monitoring and Evaluation 

Key lessons. The main lesson from Phase 2 is methodological: comparing European (JRC hazard 

maps, LUISA land use) and Spanish national (CNIG hazard maps, SIOSE land use) data sources for 

the same hazard, river and coastal flooding, produces materially different damage estimates even 

when scenario assumptions are held constant (Section 2.3.2). The greatest difficulty was 

reconciling these divergent inputs and explaining, rather than simply reporting, why the resulting risk 
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priority for river flooding changes between data sources (Section 2.4.6). This reinforced the need to 

document data provenance explicitly and to treat any single damage estimate as conditional on its 

underlying hazard and exposure data, not as a single ground truth. 

Stakeholder role and feedback. Of the nine stakeholder interviews planned for this phase, all nine 

have been completed at the time of writing (IMIDA, DG IMAS, DG Industria Alimentaria y 

Asociacionismo Agrario, Dirección General de Ordenación del Territorio y Arquitectura, FECOAM, 

AMETSE, the Local Energy and Climate Change Agency of Ayuntamiento de Murcia, ITREM, and 

Ecologistas en Acción Región de Murcia). Feedback so far converges on two points. First, 

interviewees consider results genuinely useful only if they avoid duplicating or conflicting with 

existing official sources. Second, several interviewees (AMETSE, the Ayuntamiento de Murcia 

agency) stressed that technical results only translate into policy outcomes when they are framed as 

actionable instruments tied to a specific decision-maker’s priorities, rather than left as purely 

scientific output. ITREM’s feedback is sector-specific: heatwave and drought projections are more 

relevant to tourism than flooding, and findings will feed into the sector’s ongoing social-

sustainability awareness strategy. 

Is learning ensured? Within Phase 2, learning has occurred mainly through the technical meetings 

between UMU and the CARM and through the stakeholder interviews summarised above, rather than 

through a separately documented institutional review process. Whether a more formal learning loop 

– e.g., a standing review or lessons-log mechanism – exists or is planned beyond these channels 

has not been confirmed at the time of writing and should be clarified with the CARM project team 

before the next reporting cycle. 

Data availability and remaining needs. New data became available in Phase 2 for river and coastal 

flooding (Section 2.3.2) and, on the exposure and vulnerability side, for agricultural drought (Section 

2.3.1); heatwave risk alone is carried forward from D1 without new quantitative input (Section 2.3.3). 

Beyond completing the one outstanding stakeholder interview, the main remaining needs identified 

are: extending the revised drought yield-loss estimates from the illustrative almond case (Section 

2.3.1) to a fully costed, stakeholder-validated assessment across all seven rainfed crops; 

demographic projections by age band to replace the stationary 2020 population rasters used for 

heatwave vulnerability (a limitation already flagged in D1); a reconciled, authoritative choice between 

the European and Spanish national hazard/exposure datasets compared in Section 2.3.2, rather than 

carrying both forward in parallel; and updated irrigation-infrastructure and aquifer-status data, 

without which the agricultural drought capacity rating cannot be revised. 

Communicating outcomes. Stakeholder feedback points toward a tiered communication approach: 

technical, GIS-based outputs (risk maps, downloadable data layers) for specialist institutional users; 

plain-language municipal and sectoral fact sheets for local government and sectoral bodies; and, 

following IMIDA’s specific recommendation, a simplified citizen-facing viewer that would let a 

resident check flood risk for a given cadastral reference without needing to interpret technical 

concepts such as return period. AMETSE’s feedback reinforces that, whichever format is chosen, 

outcomes need to be framed as concrete, actionable instruments usable by local decision-makers, 

not left as technical/scientific output alone. 

Monitoring system. The CARM’s Regional Strategy for Mitigation and Adaptation to Climate Change 

(ERMACC, CARM 2019) and its associated Regional Observatory for Climate Change – a 

participatory body involving AEMET, the Confederación Hidrográfica del Segura, the Coastal 
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Authority, businesses and civil society – constitute the existing framework within which the risks 

analysed here are tracked. This is a strategic and participatory framework rather than a dedicated 

technical system for monitoring risk indicators specifically; REGMURCIA’s outputs are intended to 

feed into it rather than replace it. 

What worked, what did not. Comparing multiple hazard and exposure data sources for river and 

coastal flooding (Section 2.3.2) worked well as a way of testing the robustness of Phase 1’s risk 

priority and of surfacing a methodologically grounded explanation for why it changes (Section 2.4.6). 

Agricultural drought advanced substantially in this phase: Phase 2 combined new crop-specific 

exposure and vulnerability evidence with Phase 1’s hazard projections (Section 2.3.1), yielding 

revised yield-loss estimates for rainfed agriculture and a corrected economic-loss estimate for 

almond, in place of Phase 1’s internally inconsistent headline figures. Heatwave risk did not advance 

at all in this phase, by design (Section 2.1.2): no new quantitative work was carried out for this 

hazard, so Phase 1’s findings stand unchanged. On stakeholder engagement, all nine planned 

interviews were completed within the reporting period; the most recently completed, with 

Ecologistas en Acción Región de Murcia, closed too close to submission for its input to be 

incorporated into the analysis above, and this will be addressed in a subsequent update. 

Resource use. Phase 2 was carried out by the same small UMU team responsible for Phase 1, 

working within the project’s overall Phase 2 timeframe (Months 7–16) and combining the 

hazard/exposure data comparison (Section 2.3.2) with the stakeholder interview round (Section 

2.5). No formal time- or cost-tracking system was applied at the task level, so this cannot be 

quantified in hours or budget here; qualitatively, the main resource-allocation choice was to 

concentrate the quantitative deepening on a single hazard, river and coastal flooding, rather than 

spreading new analysis across all four hazards, consistent with the scope decision in Section 2.1.2. 

Effect on the CRA process. Concentrating most of Phase 2’s quantitative effort on river and coastal 

flooding allowed a more thorough, multi-source comparison for that hazard (Section 2.3.2) than 

would have been possible had effort been spread thinly across all four hazards; the trade-off is that 

agricultural drought’s deepening, while it did produce revised yield-loss and economic-loss 

estimates (Section 2.3.1), remains illustrated mainly through the almond case rather than fully 

costed across all seven rainfed crops, and heatwave risk did not benefit from any new scrutiny in 

this phase. Whether this allocation was efficient overall depends on a resource-tracking baseline 

that, as noted above, does not currently exist. 

Value of the CRA. Stakeholder feedback suggests the CRA’s impact to date is mainly on institutional 

capacity and decision-support potential rather than yet on funding or investment: IMIDA highlighted 

its usefulness for prioritising measures and avoiding duplication with existing official sources, 

AMETSE framed it as a potential basis for concrete local-government decisions, and ITREM expects 

it to feed into a sectoral strategic plan. Public-awareness impact appears more limited so far, since 

pre-existing awareness of flooding and drought among the stakeholders interviewed (e.g., the 

Ayuntamiento de Murcia agency’s account of 1990s water-supply restrictions) predates this CRA; 

whether the CRA itself shifts broader public awareness or unlocks new funding remains to be seen 

once outcomes are disseminated in Phase 3. 
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2.6  Work plan Phase 3 

Phase 3 (Months 17–22) will focus on the participatory exploration of adaptation options, building 

on the risk priorities established in Section 2.4.6. Planned activities include: participatory workshops 

with stakeholders, including the nine entities engaged in Phase 2 (Section 2.1.5), to co-design 

adaptation measures for the four hazards in REGMURCIA’s portfolio; development of a catalogue of 

adaptation measures; and preparation of a summary document with actionable steps and sectoral 

plans, including prioritised measures, timelines, responsibilities and budgets, designed for 

integration into existing planning and regulatory frameworks, including the ERMACC and local 

general plans. Phase 3 will conclude with final dissemination activities, including publication of 

results and participation in the closing CLIMAAX workshop in Brussels. Phase 3 will not involve the 

physical implementation of adaptation measures or the drafting of legislative texts; these fall 

outside REGMURCIA’s scope under the FSTP cascade-grant mechanism. 
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3 Conclusions Phase 2- Climate risk assessment  

Phase 2 deepened the climate risk assessment established in Phase 1 for the Region of Murcia, 

concentrating new quantitative analysis on river and coastal flooding, updating the agricultural-

drought workflow with regional crop-specific parameters, official production and price records, crop-

surface data and spatially explicit rainfed agricultural exposure, producing revised yield-loss outputs 

and a corrected economic-loss estimate illustrated for almond. All nine planned stakeholder 

interviews were completed, together with a 67-response survey, adding an independent perception- 

and governance-based layer to the regionalised modelling. 

For river and coastal flooding, Phase 2’s central contribution was a like-for-like comparison between 

the European default data pipeline used in Phase 1 (JRC hazard maps, LUISA land use) and Spain’s 

official national sources (CNIG/SNCZI hazard maps, SIOSE land use), complemented for the coast 

by a new continuous sea-level-rise model. The river comparison confirmed and quantified the 

hazard-data discrepancy Phase 1 had only flagged qualitatively: national sources show substantially 

larger flooded areas, and the choice of hazard-map source alone can change river-flood damage 

estimates by an order of magnitude — identified as the dominant driver of Phase 2’s sensitivity 

analysis (Section 2.4.6) – evidence that supported revising river flooding’s risk priority from High 

(Phase 1) to Very High (Phase 2), while its resilience-capacity rating remains medium, unchanged 

from Phase 1. The coastal model, validated against the September 2019 Los Alcázares flood and 

disaggregated to municipality level for the first time, identifies Cartagena and San Javier as the 

highest-loss locations; because Phase 1 reports no comparable coastal damage baseline, this new 

evidence cannot yet be benchmarked against Phase 1, so coastal flooding’s risk priority is retained 

at Moderate pending that comparison. 

Agricultural drought received a substantial methodological update in this phase. The Phase 2 

workflow replaces the generic global exposure and vulnerability assumptions used in Phase 1 with 

FAO-56 dual crop-coefficient parameters for seven dryland crops, ESAM-sourced production and 

price data, and a SIGPAC/CREM-derived spatial exposure layer. This update produces revised yield-

loss estimates for rainfed agriculture and a corrected economic-loss estimate illustrated for almond, 

while also documenting the internal inconsistencies in Phase 1’s drought-loss figures. Remaining 

work concerns validation, local calibration and extension of the economic valuation, rather than 

producing the first revised drought assessment. Heatwave was not deepened with new hazard or 

exposure data at all in this phase, per the scope agreed for Phase 2. Both hazards’ risk ratings are 

Very High priority. For heatwave, Phase 1 projects annual frequency rising from around 3 events per 

year at baseline to over 50 events per year by late century under RCP8.5 — roughly a tenfold increase 

— with interior areas of the region seeing an approximately 10-fold rise and the southern coastal belt 

an approximately 8-fold rise; 22 heat-related deaths were recorded in Murcia in summer 2025 alone, 

more than double the 2024 figure. Stakeholder testimony gathered in Phase 2 corroborates both 

hazards qualitatively, including the DG IMAS interview’s identification of ageing, failure-prone 

climate-control equipment in social-care facilities as a recurring risk for the region’s most heat-

vulnerable residents. 

The stakeholder-based Key Risk Assessment, new in this phase and drawn from 67 survey 

responses and eight of the nine completed interviews, broadly confirms these technical findings 

while adding one qualification: coastal flooding, though less transversal than the other three 
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hazards, is rated High by stakeholders – above its Moderate technical rating – reflecting concerns 

specific to coastal tourism, erosion and the Mar Menor. Across all four hazards, the main limiting 

factor identified by stakeholders is not low risk perception but resilience capacity, driven by 

coordination gaps, administrative delays, insufficient funding and limited technical staff. 

In summary, Phase 2 confirms that all four hazards in REGMURCIA’s portfolio carry substantial to 

very high risk, though the strength of evidence behind each rating differs markedly: 

● River flooding risk has been revised upward to Very High, the headline technical change of 

this phase, on the strength of a quantified hazard-data discrepancy between European and 

Spanish national sources rather than a change in resilience capacity, which remains medium 

in both phases. 

● Coastal flooding risk priority remains Moderate in the strictly comparable technical D1-D2 

table because Phase 1 did not provide a directly comparable coastal euro-damage baseline. 

However, Phase 2 delivered the region’s first disaggregated, validated, municipality-level 

coastal damage assessment, and stakeholder evidence supports treating coastal flooding 

and erosion as a High strategic priority for coastal municipalities, tourism, the Mar Menor 

and long-term land-use planning. 

● Agricultural drought risk remains Very High, but the rating is no longer based only on the 

Phase 1 workflow. Phase 2 strengthens this result through an updated drought workflow 

based on regional crop-specific parameters, official production and price records, official 

crop surfaces and spatially explicit rainfed agricultural exposure. The resulting expected-loss 

assessment for rainfed agriculture is more coherent than the Phase 1 output and is 

independently corroborated by stakeholder testimony and survey evidence. 

● Heatwave risk remains Very High, with the Phase 1 quantitative workflow retained because 

it did not show the same level of inconsistency or data-source divergence identified for flood 

and drought. Phase 2 strengthens this interpretation through stakeholder testimony and 

survey evidence. 

● Resilience capacity, not hazard severity or stakeholder concern, is the principal constraint 

identified across all four hazards, driven by institutional coordination gaps, administrative 

delays and resource limitations rather than a lack of awareness. 

These findings support the risk prioritisation set out in Section 2.4.6 and reinforce the urgency of 

targeted adaptation action, particularly for river flooding and heatwave. Phase 3 (Months 17–22) 

will build on these results through participatory workshops with the stakeholder entities engaged in 

this phase, a catalogue of adaptation measures, and a summary document for integration into the 

ERMACC and local planning frameworks. Phase 3 should also resolve the methodological and 

implementation questions that remain open: reconciling the JRC/CNIG flood-damage gap, 

incorporating the Ecologistas en Acción interview’s findings, validating and operationalising the 

revised agricultural-drought results with sectoral stakeholders, and further strengthening the 

heatwave workflow with local social, demographic, public-health and facility-level evidence. 

The results of Phase 2 also indicate that adaptation should move from general diagnosis to 

agreement-building. Sectoral technical working tables should be used in Phase 3 to translate the 

integrated KRA into feasible adaptation pathways for rainfed agriculture, river/pluvial flooding and 

spatial planning, coastal flooding and tourism/Mar Menor governance, heatwaves and vulnerable 

public facilities, and cross-cutting data, monitoring and governance systems. 
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4 Progress evaluation  

This deliverable marks the successful completion of Phase 2 of the REGMURCIA CLIMAAX project 

(Table 4-1 and Table 4-2), which focused on deepening the Phase 1 climate risk assessment for the 

Region of Murcia through refined flood analysis, an updated agricultural-drought workflow with 

revised expected-loss estimates for rainfed agriculture, and a substantially broadened stakeholder 

engagement process. The outputs produced during this phase lay the basis for the participatory, 

adaptation-focused work planned for Phase 3. The present deliverable has met all objectives defined 

for this stage of implementation under the Individual Follow-up Plan: three Technical meetings (M7, 

M10, M13), the Participatory workshop (M16), and the submission of this Deliverable 2 (M16). 

 

Through the continued application of the CLIMAAX Common Methodology, the Region of Murcia 

has compared, for river and coastal flooding, the European default data pipeline used in Phase 1 

(JRC hazard maps, LUISA land use) against Spain's official national sources (CNIG/SNCZI hazard 

maps, SIOSE land use), complemented for the coast by a new, validated sea-level-rise model. This 

work quantified, for the first time, the hazard-data discrepancy Phase 1 had only flagged 

qualitatively, and supported revising river flooding's risk priority to Very High. In parallel, agricultural 

drought received a deepening of its exposure and vulnerability evidence base (a FAO-56 crop-

coefficient parameterisation, ESAM production and price data, and a SIGPAC/CREM exposure layer), 

and all four hazards in the region's portfolio were re-examined through completed stakeholder 

interviews and a 67-response survey. These findings have been summarised against the CLIMAAX 

framework criteria in Section 3 and will guide the focus of the adaptation-measure design planned 

for Phase 3. 

 

In terms of project integration, this deliverable ensures continuity with Phase 3 by: (1) quantifying 

the European-versus-national hazard-data discrepancy for river flooding and revising its risk priority 

accordingly; (2) delivering the region's first disaggregated, validated, municipality-level coastal flood 

damage assessment, ready for benchmarking once a comparable Phase 1 baseline exists; (3) 

combining an expanded agricultural-drought exposure and vulnerability evidence base with Phase 

1’s hazard projections into revised yield-loss estimates for rainfed agriculture, with a corrected 

economic-loss estimate illustrated for almond (Section 2.3.1); (4) substantially broadening the 

stakeholder base consulted across all four hazards, which forms the starting point for the Phase 3 

participatory workshops on adaptation-measure co-design (Section 2.6); and (5) flagging the 

methodological items Phase 3 should resolve. 

 

These outputs will be revisited and built upon through the participatory workshops, adaptation-

measures catalogue, and summary document planned for Phase 3 (Months 17–22, Section 2.6), 

and the technical-meeting channel established between UMU and CARM is expected to continue 

supporting the methodological reconciliation flagged above. This document thus serves as both a 

progress record against the Individual Follow-up Plan and a working basis for the next phase of the 

REGMURCIA CLIMAAX roadmap. 
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Table 4-1 Overview key performance indicators 

Key performance indicators Progress 

Number of workflows 

applied/deepened in Deliverable 2 

Achieved. The river and coastal flooding workflow was 

deepened through a systematic comparison of European 

(JRC hazard maps, LUISA land use) and Spanish national 

(CNIG/SNCZI hazard maps, SIOSE land use) data sources, 

including DamageScanner-based damage estimation across 

the 10-, 100- and 500-year return periods (Section 2.3.2). The 

agricultural drought workflow was deepened with a new FAO-

56 crop-specific exposure and vulnerability evidence base, 

combined with Phase 1’s hazard projections into revised 

yield-loss estimates for all seven rainfed crops and a 

corrected economic-loss estimate for almond (Section 

2.3.1). The heatwave workflow is carried forward entirely 

unchanged from Phase 1. 

Stakeholder engagement deepened in 

Phase 2 

Achieved. Nine stakeholder organisations were identified for 

structured in-depth interviews in Phase 2, building on the 145 

organisations contacted in Phase 1. All nine interviews were 

completed within the reporting period (IMIDA, DG IMAS, DG 

Industria Alimentaria y Asociacionismo Agrario, Dirección 

General de Ordenación del Territorio y Arquitectura, FECOAM, 

AMETSE, the Local Energy and Climate Change Agency of 

the Ayuntamiento de Murcia, ITREM, and Ecologistas en 

Acción Región de Murcia, the last completed shortly before 

submission, ahead of the Phase 3 participatory workshops 

described in Section 2.6) (stakeholder engagement 

methodology: Section 2.1.5). 

Number of stakeholder meetings and 

participatory workshops conducted 

Achieved, with a scope caveat. Three Technical meeting 

milestones (M7, M10, M13) were carried out through ongoing 

UMU–CARM technical meetings (Section 2.5), without 

individually dated minutes. One stakeholder-facing session 

was held during the COAST CRAFT Interreg Europe study 

visit (17–18 March 2026, Section 2.1.5) and met the Phase 2 

Participatory workshop milestone (M16), presenting 

REGMURCIA CLIMAAX to stakeholders and gathering Delphi-

informed feedback that informed the Phase 2 interview and 

survey instruments. 

Climate risk assessment report 

(Deliverable 2) completed 

Achieved. Delivered within the Phase 2 timeframe (Months 

7–16), including the deepened regionalised risk analysis for 

river and coastal flooding, the comparison against Phase 1 

results and discussion of the resulting discrepancy (Section 

2.3.2, 2.4.6), and the revised Phase 3 work plan (Section 2.6). 

Dissemination activities, people 

reached and regional media coverage 

None. Phase 2 activities were limited to technical analysis 

and stakeholder interviews; no press release or media 

engagement was undertaken during this phase (Section 5). 
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Key performance indicators Progress 

Policy recommendations and 

sectorial action plans developed 

Not yet due. These are Deliverable 3 outputs under the 

Individual Follow-up Plan, scheduled for Phase 3 alongside 

the adaptation-measures catalogue and the summary 

document with prioritised measures, timelines, 

responsibilities and budgets (Section 2.6). 

 

Table 4-2 Overview milestones  

Milestones Progress 

Technical meetings (M7, M10, M13) Achieved, via continuous engagement. Carried out through 

ongoing technical meetings between UMU and CARM across 

Phase 2 (Section 2.5). 

Participatory workshop (M16) Achieved. Met through the stakeholder-facing session held 

during the COAST CRAFT Interreg Europe study visit to the 

Region of Murcia on 17–18 March 2026 (Section 2.1.5), 

which presented REGMURCIA CLIMAAX to stakeholders and 

gathered Delphi-informed expert feedback used to refine the 

Phase 2 interview and survey instruments. 

Second deliverable (M16) Achieved. Completed and submitted within the Phase 2 

reporting period, per the Individual Follow-up Plan. 

These results feed directly into Phase 3. The technical-meeting channel established between UMU 

and CARM is expected to continue informing the methodological reconciliation flagged in Section 5, 

and the stakeholder base consulted in Phase 2 – together with the participants reached through the 

COAST CRAFT study visit – forms the starting point for the dedicated Phase 3 participatory 

workshops on adaptation-measure co-design described in Section 2.6. 
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5 Supporting documentation  

 

Outputs produced. The outputs produced during Phase 2 are available through REGMURCIA search 

under https://zenodo.org/communities/climaax: 

 

● D2-REGMURCIA-CLIMAAX_Phase2_CRA_Report.pdf (doi: 10.5281/zenodo.21063451)  

This document presents the Phase-2 Climate Risk Assessment for the Region of Murcia 

(CARM), developed under the CLIMAAX project. It delivers the regionalized, high-resolution 

risk analysis for the three priority hazards carried forward from Phase 1 (agricultural drought, 

coastal and river floods, and heatwaves), together with the updated stakeholder engagement 

process and the resulting key risk findings. The document consolidates these results into 

the Phase 2 risk priorities and sets out the work plan for Phase 3. 

● SI_Workflow_#1_CropYield_Dashboards_RCP8.5.zip (doi: 10.5281/zenodo.21064524) 

Yield-loss dashboards for seven CARM crops (almond, barley, oats, olives, pistachios, wheat 

and wine grapes) under the MPI-ESM/SMHI-RCA4 climate model chain for the RCP8.5 

scenario. Each dashboard maps projected yield loss (%) for the reference period (2001–

2020) and two future horizons (2041–2060 and 2081–2100), together with the 

corresponding change in yield loss relative to the reference period. 

● SI_Workflow_#2_Coastal_flooding.zip (doi: 10.5281/zenodo.21063050) 

Supplementary municipality-level outputs (sea-level-rise sweep panels and damage-

composition panels) for the coastal-flooding and sea-level-rise assessment of the Region of 

Murcia, accompanying Section 2.3.2 of Deliverable 2 (Phase 2 Climate Risk Assessment). 

● SI_Stakeholder_Engagement.zip (doi: 10.5281/zenodo.21010861) 

Survey and interview instruments prepared for the Phase 2 stakeholder engagement 

process. Includes the semi-structured interview guide (Annex – Semi-Structured Interview 

Guide), the original survey questionnaire (Annex – Original Survey), the pre-Delphi survey 

draft (Annex – Survey Draft pre-Delphi), the finalised bilingual survey instrument in Word and 

PDF (Annex – Final Survey, Bilingual), and the quantitative coding matrices of interview 

responses (Annex – Quantitative Coding Matrices). 

 

 

  

https://zenodo.org/communities/climaax
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